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INTRODUCTION 
Movement of water and its relation to water content of 
soils during various periods of the year is one of the earli­
est studied phenomena in soil-plant relationships. Its im­
portance is easily recognized by the fact that the production 
of any agricultural crop is dependent upon a supply of water 
available during the growing season. That the magnitude »nd 
efficiency of crop production are presently higher than ever 
cefore is partly explained by improved water management. It 
is certain that in many regions a further increase in crop 
yields can be achieved if the available water can be used 
even more efficiently or if new sources of usable water are 
found. Thus, the need for water conservation and a more thor­
ough knowledge about the physical processes involved in water 
transfer witain and water losses from soils clearly manifests 
its elf . 
The addition or removal of water with respect to a soil 
performed under natural or artificial conditions results in 
large fluctuations in water contents and suction gradients 
throughout the entire soil profile. The rapidity and manner 
in which the water redistributes not only affects the capacity 
of the soil to bear implements and stock but also has a direct 
influence on soil conservation, irrigation practice, land 
drainage and pedogenic processes. Since a certain minimum 
air content is necessary to support normal plant growth 
agricultural lend is either naturally well drained or arti­
ficially drained. 
The study of water flowing in unsaturated field soils as 
a result of infiltration can be conveniently divided into two 
types of problems : one. the stationary state of water move­
ment in trie profile as a result of maintaining the soil fur-
face at some constant moisture value and two, the redistribu­
tion of water within the profile after infiltration has 
ceased. Evaporation from the soil surface and vegetative 
cover must occasionally be taken into account. 
The former problem corresponds to steady rainfall or 
steady surface irrigation where the development of the mois­
ture profile is dependent on the rate of infiltration. The 
rate with which a moisture profile develops which is charac­
teristic of a given soil puts an upper limit on the amount of 
water capable of being temporarily stored in the soil. From 
it the amount of time required for irrigation and the amount 
of runoff and potential soil erosion associated with differ­
ent reins can be ascertained. 
Assuming that the rate of infiltration is sufficient to 
supply amply from rainfall to rainfall or irrigation to irri­
gation a soil with water, the latter problem of water redis­
tribution is the more important process involved in the soil1 
productivity. As soon as infiltration ceases, further down­
ward movement of water can only proceed at the expense of 
ùrie water present in the soil layers above the point in ques­
tion. The rate at which redistribution of water occurs and 
ti.e extent of water lost from the various soil layers in a 
profile are most important for a soil's productiveness. 
The air permeability necessary for the diffusion of gases 
tnrougn a soil upon which growth is dependent is determined 
by tne rate at which water is removed from a soil. -he 
length of time water is available to plants as a result of 
temporary water storage above field capacity is also deter­
mined by the rates at which individual soil layers in the pro­
file gain or lose water. Furthermore, knowing these rates 
and the fundamental physical causes of these rftes an esti­
mate of tne amount of water stored in the soil from one season 
to another can be quantitatively described. 
As water permeability depends upon water content the 
flow of water will be drastically influenced by the moisture 
distribution through the profile previous to infiltration of 
added water. The problem of redistribution of water within 
a soil profile has many variations depending upon existing 
boundary conditions. Typical examples would be water entering 
a uniform soil overlying a coarse gravel subsoil, water enter­
ing an initially dry soil which continues to exhibit a dry 
layer below the deepest water penetration, and water entering 
a soil possessing a water table which is reached by at least 
a fraction of the added water. 
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Althougn. several investigations have been performed on 
water infiltration and redistribution in soils, the accuracy 
of methods used to measure moisture movement and the simul­
taneous suction gradients within the soil mass have been im­
paired due to the time lag in measurement or the failure to 
measure water in tne same volume of sample from one time to 
the next. Therefore, this study was carried out with the 
following major purposes in mind : 
1. To study the rapid redistribution of soil water 
immediately following infiltration of water in 
several Iowa soils initially at a well defined field 
capacity iri situ. 
2• To explain the redistribution of soil water within 
these soils on the basis of the physical properties 
of the particular soil. 
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REVIEW OF LITERATURE 
The Basic Law of Liquid Flow in Soils 
More than a century ago Henri Darey discovered the law 
now called after him that the overall or macroscopic flow rate 
of a liquid through a homogeneous porous medium completely 
saturated with the liquid is proportional to the hydraulic 
gradient (Darcy, 1856). The term macroscopic flow rate refers 
to the net flux of water per unit cross section of the porous 
medium. The flow rates occurring in the pores vary with pore 
size; linear liquid velocity also varies in one single pore 
with the distance from the wall. Microscopic flow rate is 
the terra generally used if the flow in. the pores is con­
sidered . 
The Darcy relation may be written Q/(At) = K(h^ - hg)/L 
% 
where Q, = volume of water in L 
A = cross sectional area perpendicular to flow in L^ 
t = length of time 
hi, hg = hydraulic head at each end of sample in L 
L = length of sample 
K = hydraulic conductivity in LT-^ 
The proportionality coefficient K called tne hydraulic con­
ductivity has the dimensions of a velocity. It is a measure 
of the permeability of the porous medium to a given fluid. 
Some investigators prefer to use a coefficient which is char­
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acteristic for the porous medium alone and independent of the 
fluid. This coefficient is called the intrinsic permeability 
of the medium. It has the dimension of length squared and it 
is related to K by the expression : K = k Ï g/r^ where and 
are the density and viscosity of the particular fluid, g being 
the acceleration due to gravity (Muskat, 1946). Empirical 
equations relating the intrinsic permeability with the poro­
sity or volume of voids in a volume of a porous medium and 
the effective diameter of the voids in the medium or sand 
grains have been formulated and confirmed experimentally by 
several investigators (irmay, 1954; Kozeny, 1927; Rose, 1943; 
Sullivan and Hertel, 1942). 
Because fluid flow is so accurately described by the 
Darcy relation, Richards (1950) proposed that this relation 
should be called a law of soil moisture. Darcy1 s law has 
been extended to non-isotropic media by Irmay (1951) and 
Schneibeli (1953) and to non-homogeneous media by Boussinesq 
(1904). A further extension of the law to geometrically un­
stable media such as swelling clays has been treated by Jacob 
(1950). Muskat treats compressible liquids (1946). Numerous 
other generalizations of Darcy's law have been proposed. 
Buckingham (1907) introduced the concept of capillary 
potential. The concept has been discussed by Gardner et_ aJL. 
(1922) and capillary potential is now defined as the work 
done against field forces in moving a unit mass of water from 
a. free water surface to a point in question. 
The forces acting on the water in the soil pore space hs.v 
"been the subject of many investigations (3dlefsen and Ander­
son, 1945; Gardner, 1910, 1946; Veihmeyer and Edlefsen, 1937; 
Richards, 1928). Ghllds and Collis-G-eorge (1948) adequately 
summarized the components of the total potential of soil 
water. According to the latter summary the moisture poten­
tial is the sum of the gravitational and of the capillary 
potential. The latter is a. sum of three components which 
are the hydrostatic pressure potential, the osmotic pressure 
potential and the adhesion potential between water molecules 
and soil surfaces. In modern literature on soil water Darcy's 
law is generally written in a generalized form similar to the 
generalized forms of Fourier's law of he at flow, Ohm' s law 
for electricity or Pick's law of diffusion: 
v = XV 1 
where § is the total moisture potential and V is the gradi­
ent operator. 
Richards (1931) extended Darcy1s law to unsaturated 
flow when part of the voids of the soil contains either air 
bubbles or a continuous phase of air. He assumed that the 
hydraulic conductivity and the water content are both a func­
tion of the tension witn which the water is held in the pores. 
Capillary conductivity is the coefficient analogous to hy­
draulic conductivity occurring in Darcy's equation when it is 
applied to unsaturated, media. Hydraulic conductivity has 
been defined previously as it applies to saturated media• In 
1954 ChiIds and CoIlls-George (1954) verified experimentally 
tnis extension of Darcy1 s law on a number of granular porous 
media. Tne only limitation that has been observed so far is 
that the law does not automatically take into account the 
fact that a. different capillary conductivity is often en­
countered when the water content is increasing than when it 
is decreasing. This phenomenon is commonly celled hysteresis. 
Infiltration in the Field 
The study of infiltration in the field can in its 
essence be reduced to the study of the soil moisture profile 
as it develops in the course of time and depends on the soil's 
properties and the given boundary conditions. 'men Darcy1 s 
law is combined with the law of conservation of matter in an 
u n s a t u r a t e d  m e d i u m  i t  t a k e s  t h e  f o r m  o f  à O / B t  =  (  d  /  " d z )  
(KÔ 1/ ^ z) for the case that flow occurs only in the direc­
tion of z. Q represents the water content per unit volume 
of soil. This equation is applicable to the general case of 
nonstationary flow. If it is applied to stationary flow the 
moisture content does not change with time, that is b 0/ b t = 
0 and upon integration Darcy1 s law results if the constant of 
integration is the constant flow velocity. 
Investigations on the steady state case using packed 
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soil columns in the laboratory are numerous. Large differ­
ences in flow rates between samples which were supposed to be 
identical are not uncommon. Coleman (1946) worked with packed 
soil columns for the purpose of obtaining data on the drain­
age of soil under different water suctions. This work was 
initiated to evaluate the possibility of using water suction 
to eliminate abnormally high moisture conditions commonly ob­
served in lysimeters. Under equal water suctions, two soil 
columns assembled as closely alike as possible still gave 
seepage rates which differed by a factor of two. The dis­
agreement was attributed to the differences in capillary 
conductivities of the corresponding soil layers in each 
column. These differences in conductivity were readily de­
tected by observing pressure potential gradients across soil 
layers. An interesting observation made in Coleman1 s study 
was the fact that the rate of seepage increased with increas­
ing soil water suction although it has been shown by several 
investigators (Christiansen, 1944; Moore, 1939; Richards, 
1931) that capillary conductivity decreases rapidly with in­
creasing soil water suction. Apparently, in Coleman's experi­
ment the increased pressure potential gradients more than 
offset the reduction in rate of flow resulting from the re­
duced capillary conductivity coefficients. 
The effect of a layer of relatively low permeability 
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within the soil profile which limits the flow of water through 
the columns was also discussed by Russel (1946). His study 
of the seepage of water through six-foot columns of naturally 
occurring field soil four inches in diameter was carried out 
in the laboratory = Two columns were used in. his investiga­
tion; the suction of the soil water was not actually measured. 
Water was applied at the soil surface at a constant head and 
seepage rates for the two soil columns calculated from his 
published data differed 15 percent. Also, one column lagged 
tne other by 24 hours in the time required for water to start 
to percolate from the lower ends of the columns. He experi­
ment ally demonstrated and showed algebraically how thin, less 
permeable soil layers can control the percolation rate in 
soils and thus pointed out the importance of completely char­
acterizing a soil profile as to its capillary conductivities 
under various suctions if one wishes to estimate a soil's 
infiltration capacity. 
Day and Luthin (1955) employed experimental procedures 
similar to those of Coleman, to obtain values of the pressure 
distributions occurring within water-transmitting soil columns 
in stationary flow. On the basis of Darcy's law they explain­
ed and experimentally verified how free water can remain over 
a soil surface although the soil water is under a tension at 
very shallow depths in the soil. Fluid will undergo a de-
crease of pressure during its passage downward through soil 
if work expended against viscous forces exceeds the energy 
furnished "by the gravitational field. This occurs if the rate 
of volume of flow per unit area exceeds the conductivity 
value K; likewise, pressure will increase if linear flow 
velocity is less than K. With this information in mind one 
is able to characterize the capillary conductivity of soil 
horizons existing throughout a profile during the percolation 
of water if the pressure distribution present in the profile 
and the rate at which this distribution changes with time are 
known at that instant. 
Another purpose for studying the steady state case of 
water flowing through soil columns is to determine the hy­
draulic and capillary conductivity of soils. Richards (1931) 
was the first to propose a laboratory method of determining 
the capillary conductivity of s soil. The method involved 
applying a differential water suction to the two ends of a 
soil sample and quantitatively measuring all terms in Darcy1s 
law except the unknown K. Christiansen (1940), and Richards, 
and Moore (1952) and Corey (1957) have since improved the 
method. Moore (1939) and later Wesseling (1957) used a dif­
ferent approach. They studied water movement using s free 
water surface and imitated field conditions more closely by 
allowing water movement to take place from s free water sur­
face vertially upward through soil columns as a result of 
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evaporation at the soil surface. A steady state was reached 
when water was removed from a free water surface at the same 
rate as evaporation was taking place at the soil surface. If 
tensiometers are installed to measure pressure differences 
over different layers in the columns„ the capillary conduc­
tivity can be calculated for any suction along the column. 
Even though the above methods have been Improved, they are 
still rather cumbersome to use. Better methods are currently 
unavailable • 
The non-steady flow of water infiltrating into a soil 
presents great difficulties to a mathematical treatment owing 
to the complexity of the boundary conditions and the hyster­
esis involved in all cases. A simplifying assumption that 
infiltration is occurring into an initially air dry uniform 
soil has made it possible to investigate this special case 
intensively both from experimental and theoretical viewpoint. 
One attack on this problem has been to apply the theory of 
diffusion to the capillary movement of water into air dry 
soil columns (Childs, 1936, 1938; Gardner and Widstoe, 1921; 
Nicholson and Childs, 1936; Ostaehev, 1936) . 
Kirkham and Feng (1949) tested the diffusion theory 
applying a diffusion coefficient which was independent of 
water content. Using experimental data of their own and 
others they found this theory inadequate to account for water 
flow in horizontal columns. The inability to predict the 
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experimentally observed wetted front was the main reason for 
the rejection of the theory• As a result of their work, how­
ever, two laws were formulated for capillary movement. These 
laws stated that the distance traveled by a wetted front or 
the volume of water required shall be a linear function of 
the square root of time. Thus, any infiltration or capillary 
rise theory should reduce to the form of these equations when 
the gravitational constant is made zero. More recent work of 
Philip which is discussed in later paragraphs has shown these 
laws to be only partially correct. 
Recent Developments on Flow in Unsaturated Soils 
Childs and Collis-G-eorge (1950) discussed an equation of 
flow in unsaturated soils in which the permeability is a func­
tion of moisture content. The equation is identical with the 
equation of diffusion or of heat transfer in a medium with 
variable diffusion constant or heat conductivity, respective­
ly. For one dimensional flow in the Z direction the equation 
can be written 
-i = ii[lc-§f] • + -tf>] 
^[(Icil)4! + K1 
- -k(D4! + K) 
where 9 = water fraction, T = time, $ = sum of the capillary 
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potential (j) and gravitational potential ^ snâ D = K-g-g- The 
functions IC and -yj| can be determined and a. graph of their 
product D be made as function of moisture content. 
Xlute (1952a, 1952b), using a numerical method of solu­
tion used by Crank and Henry (1949), solved the above equa­
tion and accounted quantitatively for the observed sharp 
water front which exists when water penetrates into a drier 
region. 
Philip (19 54, 1955, 19 57a) has further shown that the 
solution of the above non-linear diffusion equation for 
boundary conditions corresponding to continuous rainfall 
entering a uniform soil which was initially at a constant 
moisture content can be expressed in a power series of time 
whose coefficients are functions of moisture content. His 
equation is x = + "jLt + + + ... where the 
Greek letters represent the coefficients which are dependent 
on moisture content and the symbol x replaces z in the pre­
vious discussion. Experimental values of , Cù} etc., 
reported to date, are of much less order of magnitude than $ 
for relatively short time experiments. Thus, since the sum 
1 / o 
of the remaining terms after the term is small, it is 
not surprising that the data tested by Kirkham and Feng (1949) 
1/2 
satisfy the expression x = At ' ~ + B. An iterative procedure 
has been suggested by Philip to determine the values of these 
moisture dependent coefficients and thereby the moisture pro-
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file et any time can be computed (1955) • From his analysis 
it is concluded that the sharpness of the edvancing wetted 
front increases as the initial moisture decreases end that the 
wetted front advances more rapidly with greater initial mois­
ture content. The latter conclusion has also been arrived et 
by Tisdall (1951) and others. More recent work by Philip has 
extensively covered the theory of infiltration (1957b, c, d, 
e, f ) . 
A good example of experiments on the rate and energy of 
water moving into soil of uniform moisture that could be used 
for verifying Philip's theoretical investigations is the work 
of Bodman and Coleman (1944). Other studies under similar 
conditions are numerous (Hansen, 1955; Marshall and Stirk, 
1949; Taylor end Heuser, 1953). Bodman and Coleman applied 
water to columns which could be rapidly sectioned at any time 
to determine the moisture distribution profile. From their 
results the wetted portion of the soil column could be divided 
into four zones; the saturated swollen surface, the trans­
mitting zone, the wetting zone and the wetting front - They 
attributed the decrease in infiltration rate with time to 
the decrease in gradient caused by the elongation of the 
transmitting zone. A more recent investigation by Youngs 
(1957) who worked with two porous materials in an experimental 
set-up similar to those used by workers mentioned in the above 
paragraph shows good agreement with solutions of the dif-
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fusion coefficient equation of Philip. 
After working with homogeneous and uniformly wet soil 
columns in the laboratory the next step is to study the 
development of moisture profile in the soil following a con­
stant supply of water to the surface which is terminated at a 
given instant. Numerous experimental investigations have 
been conducted on the redistribution of infiltration water in 
soils with special attention being given to the profile after 
several days' redistribution (Haise, et_ al.., 1955 ; Lu thin and 
Killer, 1955; Miller and McMurdie, 1953; Ogata end Richards, 
1957, Youngs, 1958a, b) or even several months' (Edlefsen and 
Bodman, 1941; Hilgeman, 1948). Such work has led to the 
description of "water holding capacities" of soils and empi­
rical relations describing water content in soils as a func­
tion of suction or depth end time. 
Richards and Moore found that the percent of water in a 
soil over the range available to plants is an exponential 
function of the suction acting on the soil water (1952). 
During their study a more intensive search was made to deter­
mine the nature of capillary conductivity which is dependent 
on moisture content of soils. Previously it was a common 
assumption that above 1/3 atmosphere pressure, the capillary 
conductivity could be considered zero. But Richards and Moore 
found that even at 200 atmospheres pressure the capillary 
conductivity was greater than zero. This is in accord with 
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the more recent experimental information and with theoretical 
treatises of water redistribution. Gardner (1951) has pro­
vided evidence that the capillary conductivity is dependent 
upon more variables than moisture alone. If Gardner's evi­
dence is valid the theory of Childs and Collis-George would 
not be complete and results of Philip (1955, 1957a) based on 
the theory would also be approximate. An example of such a 
variable is the distance from the water source to the point 
in question. Further work is currently being pursued to more 
fully investigate these recent observations. 
As a summarizing paragraph for this literature the fol­
lowing may be said. Because of the relative simplicity of 
measurement of capillary potential and its occurrence as a 
term in the equation for flow of water, investigators have 
frequently measured it in soils by determining pressure dis­
tributions in draining soil systems (Edlefsen and Bodman, 
1941; Haise, e_t al., 1955; Luthin and Miller, 1953; Miller 
and McMurdie, 1953; Ogata and Richards, 1957). All investi­
gations have illustrated that as downward flow of water 
materially decreases in all soil layers the capillary con­
ductivity and hydraulic gradients are reduced. The phenomena 
are, however, greatly complicated by the occurrence of 
hysteresis. 
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EXPERIMENTAL 
Field 
Four soils were selected for this study on the basis of 
development of their genetic horizons and degree of homogene­
ity within horizons. Two of the soils selected, Ida silt loam 
and Monona silt loam, occur in the same soil association. 
Both are derived from loess. Ida soil is a Regosol formed 
from coarse calcareous loess. Its texture is exceedingly uni­
form throughout the profile. Calcium carbonate concretions 
are evenly distributed in the profile including the soil sur­
face . Visual observations of the soil profile provide no evi­
dence of a distinct layer which differs from the rest of the 
soil mass. This soil may probably be regarded as the most 
homogeneous soil in Iowa. Monona is a weakly developed non-
calcareous Brunizem (Simonson, et al., 1952). The soil sur­
face reaction is slightly acidic and calcium carbonate concre­
tions do not appear in the top two feet of its profile. Weak­
ly developed genetic horizons are exhibited in this soil. Ex­
perimental sites of these two soils were located on the West­
ern Iowa Experimental Farm. The third soil, Floyd clay 
loam, is formed from glacial till and is a deep Brunizem pro­
file (Simonson, et al., 1952). Vertical, horizontal and 
irregularly shaped sand and clay pockets are prevalent at all 
depths of the profile except at the soil surface. Webster 
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clay loam was the fourtn soil selected; it is a poorly drained 
Wiesenboden also possessing irregular sand and clay pockets 
in the subsoil. The experimental sites of the latter soils 
were the Carrington-Clyde Experimental Farm and Clarion-
Webster Experimental Farm, respectively. 
All soil moisture determinations were made by the use 
of a neutron-scattering moisture meter (Stone, e_t el., 1955) . 
The use of this meter necessitates the placing of a two inch 
diameter tnin-walled electrical conduit pipe into the soil 
for the purpose of lowering the neutron source and detector 
to any desired depth st which a soil moisture determination 
is to be made. The volume of soil sampled by this meter is 
approximately a six inch radius sphere. The soil volume 
sampled is a function of the amount of water present in the 
soil; however, the differences in volume over the range of 
moisture contents measured in this study are so small, that 
sample sizes are assumed constant. A moisture content re­
ported at any given depth in this study is assumed to be the 
average moisture content in a layer of soil whose upper and 
lower limits are three inches above and three inches below 
trie given depth. A complete description of the use and con­
struction of the neutron-scattering meter used in this study 
is given in a manuscript of Stone (19 57) . 
Experimental sites approximately 10 feet by 50 feet were 
cleared of vegetative cover and remained plant free during 
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the course of this study. Four thin-walled conduit or 
access pipes were driven into the soil to a. depth of 6 feet 
and spaced 10 feet apart. This spacing was chosen to obtain 
an estimate of the variation of water movement and content 
that one would encounter when experimenting with small field 
plots used for investigating the fertility or physical condi­
tion of a soil• The access pipes were driven into the soil 
in 6 inch increment s, being augered free of soil inside the 
pipe after each increment. The soil removed from the pipes 
was removed in 3 inch increments and physicsi analyses of 
particle size distribution and fifteen atmospheres percentage 
were made on each sample -
Around each access pipe a sheet metal cylinder 4 inches 
hign was driven into the soil to a depth of 1 inch. The area 
enclosed by a sheet metal barrier is defined as a plot. The 
horizontal surface area of each plot after being leveled with 
a carpenter's level was 9 square feet. Black polyethelene 
film covered the soil surface,preventing surface evaporation 
or the infiltration of water from rain storms. For each soil 
there were four such plots in which measurements were made. 
Previous to any measurement of water content, enough 
water was added to the covered areas to wet the soil well 
below 5 feet. A week later this procedure was repeated. 
Care was taken to add the water to the plots in such a manner 
that the water depth over the soil surface never exceeded 1/2 
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Inch. The soil was then allowed to drain for a period of 
time estimated to be long; enough for the rate of downward 
movement of water to be extremely small. A two-week drainage 
period was allowed for the Ida and Monona, a three-week period 
for tne Floyd soil and a four-week period for the Webster soil. 
Moisture content was determined by lowering the neutron 
source and detector probe into the soil at depths of 6, 12, 
18, 24, 30, 35, 42, 48, 54 and 60 inches. By using a small 
linked chain attached to the source and detector probe, the 
depths to which the source was lowered were accurately repro­
ducible. Because of this reproducibility of depths and the 
precision of the neutron meter, small changes in water con­
tent within the soil mass could be epsily detected. 
After the soil was allowed to drain following the second 
application of water, the soil moisture content was measured 
at the previously mentioned depths. Six inches of water was 
then applied to each of the four plots and the length of time 
required for infiltration was recorded. Zero time in this 
study is defined as that time when the surface of the last 
increment of the 6-inch water application just coincided with 
the soil surface. No soil moisture determinations were made 
during infiltration. 
The time required to take neutron scattering moisture 
readings at ten depths at one sampling site was approximately 
12 minutes. Thus, owing to the time required to measure the 
water in a plot, successive measurements of water content 
on a given plot were limited to one-hour time intervals. 
Moisture readings were taken on each plot every hour until 
the change in moisture content with time permitted longer in­
tervals between readings. Moisture determinations were con­
tinued until no evidence of the six-inch water application 
could be observed in tne soil profile or when very little 
water movement occurred within the soil over a period of sev­
eral hours. 
Several months later pits were dug around each access 
pipe for the purpose of collecting soil samples. Cores of 
soil were removed from each depth at which moisture deter­
minations had been made. The horizontal midsection of each 
core coincided with the particular depth at which the source 
and detector probe was lowered. Samples were taken with the 
Uhiand core sampler which holds a cylinder of soil 3 inches 
in diameter and 3 inches long. These samples were stored 
in wax-covered containers until their use in the laboratory. 
When trimming the freshly sampled soil in the field, excess 
soil was left on each end of the core. However, on using 
the soil core in the laboratory, this excess soil was care­
fully removed leaving the ends of the soil core as smooth 
flat surfaces. 
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Laboratory-
Soil moi s ture-suction release curves were determined on 
one soil sample taken at each depth In every plot. Special 
equipment was constructed for these determinations. Each unit 
constructed was in principle similar to the pressure plate 
apparatus of Richards (1949). Compressed air was used to 
expel water from a....soil sample resting on a porous plate. 
Since only one soil sample was placed in each unit, the mois­
ture lost with each increase in pressure applied could be 
readily observed either by direct weighing of the entire unit 
or by the measurement of the volume of water outflow. Figure 
1 is a scale drawing of one unit. Lucite was the principle 
material used for the construction of each unit. Ceramic 
plates of the same porosity as those used in the pressure 
plate apparatus were made on request by the Irrigation Engi­
neering Company, 3018 East Foothill Boulevard, Pasadena 8, 
California. 
Soil core samples collected in the field were carefully 
trimmed and placed within the pressure units. Distilled water 
was Introduced from the bottom of the samples and allowed to 
saturate completely the entire soil mass. The excess water 
contained in the unit during saturation was quickly removed 
from the pressure unit and sealed air tight by means of an 
0-ring and six bolts and wing-nuts. Soil moisture measure-
igure 1. Vertical cross section of Incite pressure 
units 
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ments in equilibrium with air pressure equivalent to 0, 5, 
10, 15, 20, 25, 50 and 76 centimeters of mercury suction were 
recorded. The time required for the water in the samples to 
reach an equilibrium with the applied pressure averaged about 
48 hours. This time ranged from 24 hours to several days 
depending, of course, on the capillary conductivity of the 
given soil sample. 
The specially constructed pressure units have given 
exceptionally good service during the first nine months of 
continuous laboratory use. Such service is due to the sim­
plicity of overall design and the quality of the seal between 
ceramic plate and lucite. The best material found end that 
used in the construction of pressure units used in this in­
vestigation was 1, 1, 2 trichloroethane, a solvent commonly 
used to glue lucite to lucite. This solvent may be obtained 
from almost any distributor of commercial chemicals. In this 
case, the solvent was applied only to surfaces on which the 
ceramic piste were to rest, being careful that no solvent was 
applied to the dry ceramic plate. A pressure of about 2 
pounds per square inch was used to press the dry plate against 
the partially dissolved lucite surface until thoroughly dried. 
A photograph of 19 such units in operation is shown in Figure 
2. 
Determinations of capillary conductivity were made on 
another set of soil core samples taken in the same manner as 
Figure 2- Photograph of specially constructed 
pressure units in operation 
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those samples used for soil moisture-suction release curves. 
Samples from not all depths in each soil were measured. Only-
trie depths of 24, 30, 36 and 42 inches were analyzed on the 
Ida silt loam. Capillary conductivities were measured on 
cores sampled at 12, 24, 36 and 48 inches in the three other 
soils. One sample from each given soil depth in each plot 
was analyzed. 
Mo well defined method of measuring the capillary con­
ductivity of small soil samples was known to the author at the 
beginning of this investigation. After considerable prelim­
inary experimentation, an apparatus was finally devised which 
worked well. A simplified diagram of its construction is 
illustrated in Figure 3. The system on which the soil sample 
rests is nothing more than a special tension table. Glass 
beads having an average diameter of 28 microns provide both 
support for the soil and continuous passages for water flow 
between the blotter and perforated lucite plate below the 
beads and the soil above the beads. These beads lose very 
little water over the range of suctions used in this study 
and therefore provide a medium of rather constant and rapid 
capillary conductivity through which water may flow. The 
glass beads are produced by the St. Paul Division of Minne­
sota Mining and Manufacturing Company under the trade name of 
Superbrite Glass Beads, type number 380. 
The hydraulic head difference existing between the top 
Figure 3. Vertical cross section of ca.pillary 
conductivity apparatus 
Differential manometer is connected to the tensio-
meters by means of polyethylene and tygon tubing; 
graduated cylinder is not drawn to scale 
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and bottom of the soil sample is measured by the differential 
manometer connected to the two tensiometers as shown in Figure 
3. The choice of the liquid used in the manometer was based 
on the magnitude of the capillary conductivity of a given 
sample. For samples of Ida and Monona soils, whose conductiv­
ities were relatively high, carbon disulfide having a density 
of 1.26 at 20° C was selected as the heavy liquid. Hydraulic 
head differences h commonly measured in the laboratory on Ida 
and Monona samples ranged from one to two tenths of a centi­
meter to over 25 centimeters. Thus, by using a liquid whose 
density was so close to that of water, extremely small head 
differences could be accurately measured on soils having high 
capillary conductivities. Another advantage of using such a 
light liquid is that the necessity of using an inclined manom­
eter is avoided. The high volatility of carbon disulfide did 
cause some difficulty in preventing bubbles of gas to form 
in the manometer Just after filling. This trouble was readily 
overcome by filling the manometer in a room where the tem­
perature of the air, carbon disulfide and water was the 
same. 
For the measurement of the hydraulic head differences 
which occurred in samples from Webster and Floyd soils having 
a much smaller capillary conductivity than the loess soils, 
mercury was used as the heavy liquid in the manometer. 
Hydraulic head differences commonly measured on these two 
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glacial till soils were in the order of a few tenths to 10 
centimeters of mercury. 
The tensiometers used in the conductivity apparatus are 
fritted glass filter funnels whose average pore diameter is 
between 10 to 15 microns, These filter funnels were ideally 
suited for use as tensiometers owing to their rapid conduction 
of water at the suctions used and their physically small size. 
The air entry value of these filter funnels is between 200 
and 500 centimeters of water. After repeated use, the de­
creased sensitivity of the tensiometers could be improved 
simply by flusning them with dilute hydrochloric acid or by 
removing a thin layer of the fritted glass which had become 
partially plugged with soil. The removal was accomplished 
with a small high speed portable grinding wheel. 
Compressed air introduced in the upper plastic chamber 
removed water from the evaporating top surface of the soil 
sample. The amount of water used in a given time was measured 
directly in a graduated cylinder. Stationary flow was ob­
served by successive measurements of the hydraulic head dif­
ference and the amount of water consumed in a given time. On 
samples possessing a very small capillary conductivity, the 
flow of incoming air was decreased and with the use of the 
upper plastic chamber, evaporation was limited to less than 
that which would occur if the bare surface was exposed direct­
ly to the air in the laboratory. This procedure was necessary 
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to obtain stationary flow and also to prevent a hydraulic head 
difference greater than the air entry value of the tensio­
meters used. Figure 4 shows the laboratory set-up to measure 
capillary conductivity on many soil samples at a time. 
Partie-le size analyses were determined by the hydrometer 
method described by Bouyoucos (1951). Fifteen atmosphere per­
centages were measured using the method proposed by Richards 
(1947). 
Figure 4. Laboratory set-up used to measure capillary 
conductivity on several soil samples at 
the same time 
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RESULTS 
The data recorded in the field have been plotted in two 
different manners which will be described below. The first 
method shows percent water by volume of soil versus time at 
all ten measured depths for s. given soil. Figures 5 through 
20 are plotted in this manner. The second method enables one 
to visualize clearly the amount of water present in the entire 
soil profile above the initial water content. It has been 
used to obtain Figures 21 through 24. 
Percent Water as a Function of Time in the Field 
Each figure contains all data pertaining to the same 
plot. It is actually a multiple graph showing results from 
the ten different depths within a given soil profile. 
The scale on the vertical axis is broken in nine places 
by two short cross hatching lines. In this way it is divided 
into ten different sections for the ten depths. The depth is 
indicated on the right hand side of each section. The points 
in the graph represent single determinations. A full drawn 
curve fitted by eye has been drawn through these points. The 
points at the extreme left of the graph represent soil mois­
ture content after the second drainage period. This initial 
moisture content is close to field capacity. The horizontal 
distance from these points to the ordinate corresponding to 
zero time represents the time required for infiltration of 
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the six inches of water added to the soil surface. No 
measurements of water in the soil were made during infiltra­
tion, hence a straight line connects initial moisture content 
points with the points from the first measurement of water 
following infiltration. The broken line in each section is 
the mean of four full drawn lines for that particular depth. 
The vertical spacing between the broken lines is identical 
for a given soil. Thus, a comparison of a particular plot 
with the mean of four plots can be readily made by the reader. 
Ida silt loam 
The data from the Ida soil are shown in Figures 5 through 
8. It is noted that the values on each plot are in good 
agreement with the mean of the four plots at a given depth and 
time. Also, the scatter of points through which the full 
drawn line is drawn is small considering the large scale of 
the ordinate• The average infiltration time for the 6 inches 
of water for the four plots is found reading to the left of 
zero time on the time axis as 3.4 hours. The range of time 
of the four plots to receive 6 inches of infiltrated water 
was from 1.8 to 4.6 hours. It is also noted that at zero 
time, water had already percolated through the soil profile 
to a depth of at least 5 feet. The time to drain the added 
water from the 5 foot profile was approximately 80 hours as 
follows from a comparison of the moisture contents at that 
Figure 5. Moisture contents in ten different layers 
of plot 1 of Ida silt loam as a function 
of time 
The points to the left of zero time indicate the initial 
moisture contents of the different soil layers and 
their distance from the zero time axis represents the 
infiltration period; the broken lines are the means 
of the four plots at any given depth 
PER CENT WATER BY VOLUME 
Figure ô. (Similar to Figure 5) Plot 2 of Ida silt loam 
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time with the initial moisture contents for each depth. No 
appreciable increase in water content was ever observed in 
the lower layers. 
Monona silt loam 
Moisture curves in the upper portion of the Monona soil 
shown in Figures 9 through 12 have the same general shape as 
the corresponding curves in the Ida soil. However, unlike 
tne curves for the Ida, the curves for the Monona soil show 
for the lower depths a considerable increase in water content 
due to the added water. For instance, a maximum increase 
from 24 to 34 percent or 10 percent occurred in the Monona 
soil at 39-45 inches contrasted to only a 2 percent increase 
in the Ida soil at the same depth. The scatter of points 
through which the full drawn lines are drawn is noted to be 
approximately the same as occurred in the Ida soil. Good 
agreement is observed between individual curves and the mean 
of the four curves in the Monona soil as it was in the Ida. 
In all depths the individual moisture curve has the same shape 
as the mean of the four curves. The average infiltration time 
for the 6 inch water application was 2.4 hours for the four 
plots and it had a range from 1.9 to 3.1 hours. In the lower 
depths of this soil the water content is from 2 to 4 percent 
above the initial moisture values even after 80 hours. 
Figure 9. Moisture contents in ten different layers 
of plot 1 of Monona silt loam as a function 
of time 
The points to the left of zero time indicate the initial 
moisture contents of the different soil layers and their 
distance from the zero time axis represents the infil­
tration period ; the broken lines are the means of the 
four plots at any given depth 
PER CENT WATER BY VOLUME 
Figure 10. (Similar to Figure 9) Plot 2 of Monona 
silt loam 
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Figure 12. (Similar to Figure 9) Plot 4 of Monona 
silt loam 
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Floyd clay loam 
After examining the data in Figures 13 through 16, it is 
noticed that the Floyd clay loam data are, from plot to plot, 
variable in several respects. First, the infiltration 
time has a range from 0.3 to 2.8 hours with a mean of 1=6 
hours. Second, at depths greater than 9-15 inches, moisture 
contents at any time on a given plot varied as much as 3 per­
cent above or below the mean for the particular depth. Third, 
the shapes of the moisture curves at given depths were not the 
same between different plots. Also, it is of interest to 
note that in the lower layers of the Floyd soil, the scatter 
of points is greater than was noticed in the Ida or Monona 
soil or even the upper layers of the Floyd. 
It is surprising that the moisture content of the Floyd 
soil at any depth was never increased above the initial mois­
ture content by more than 9 percent. Several depths of the 
Ida and monona soils had increases which exceeded 12 percent. 
Some curves show no increase in moisture content whatsoever. 
Also, the drainage time to remove the 6 inches of water added 
was half that required by the two loess soils. Only 45 hours 
were necessary for the soil to drain the water added. 
Webster clay loam 
In Figures 17 through 20 the data recorded from the Web­
ster clay loam are graphed. In striking contrast to the 
Figure 13. Moisture contents in ten different layers 
of plot 1 of Floyd clay loam as a function 
of time 
The points to the left of zero time indicate the initial 
moisture contents of the different soil layers and their 
distance from the zero axis represents the infiltration 
period; the broken lines are the means of the four plots 
at any given depth 
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Figure 17. Moisture contents in ten different layers 
of plot 1 of Webster•clay loam as a function 
of time 
The points to the left of zero time indicete the 
initial moisture contents of the different soil 
layers and their distance from the zero axis repre­
sents the infiltration period; the broken lines are 
the means of the four plots at any given depth 
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Figure 18. (Similar to Figure 17) Plot 2 of 
Webster clay loam 
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Figure 19. (Similar to Figure 17) Plot 3 of 
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Figure 20• (Similar to Figure 17) Plot 4 of 
Webster clay loam 
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results from the other three soils, the infiltration time is 
noted to be three times longer, op 9 • 25 hours. Its range was 
from 6.8 to 10.8 hours. Also, the curves are less alike 
among plots at given depths than the curves of the other 
soils. For instance, compare the (full drawn line) 3-9 inch 
curve in plot 3 with that of plot 1. The plot 3 curve indi­
cated an 8 percent water loss in 4 hours while the plot 1 
curve indicated only 2 percent in 90 hours. Also, in the 
lower layers of the Webster moisture content differences for 
a given depth and time between a plot and the mean of four 
plots were occasionally as large as 6 percent water. 
After 90 hours the water contents in the top two depths 
had not yet approached the initial moisture values which were 
present before the 6 inches' of water was applied. At other 
depths tne differences between the initial and 90 hour meas­
urements were small• 
Excess Water in the Soil Profile 
Versus Time in the Field 
The amount of water present in the entire soil profile 
above the initial water contents is shown in Figures 21 through 
24. On the vertical scale, the soil depth is plotted and 
above each shaded zone the time in hours after zero time is 
recorded• The shaded area is representative of the amount 
of water present above the initial moisture content. The 
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horizontal scale which represents the amount of water above 
the initial moisture content for any depth is given st the 
bottom of each figure. All data presented in these four 
figures are means of the four plots from each soil. 
Ida silt loam 
The most striking result from the Id.a soil shown in 
Figure 21 is that water content increases very little at 
depths of 30 inches and below throughout the entire time of 
measurement. Even though water had penetrated to five feet 
at zero time, the increase in water content at these lower 
depths never exceeded 3 percent. 
Monona silt loam 
The results from the Monona soil shown in Figure 22 
differ from those from the Ida. A large increase in water 
content is noted at increasing depths and as time progressed. 
It was not until after ten hours that the water content began 
to increase markedly at s depth of five feet. However, even 
at zero time some water had penetrated to all depths, increas­
ing the water content approximately one half percent at great­
er depths. It is easily noticed that even after 80 hours 
the soil had not drained to the initial moisture content. 
Figure 21 • Distributions 
silt loam for 
infiltration 
of added water within Ida 
different times following 
Shaded areas represent the added water above the 
initial moisture contents previous to infiltration; 
data are the means measured in four plots 
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Figure 22. Same as Figure 21 except soil is Monona 
silt loam 
Shaded area represents the added water above the initial 
moisture contents 
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Figure 23. Same as Figure 21 except soil is Floyd clsy 
loam and horizontal scale is different 
Shaded area represents the added water above the 
initial moisture content 
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Floyd clay loam 
The horizontal scale used in Figure 23 representing 
Floyd clay loam is one-half that used on the loess soils. 
If the water measured at zero time in the Floyd soil is com­
pared to that in the Ida snd Monona soils, one finds less than 
half present in the Floyd in comparison with that in the loess 
soils. Also, below a depth of 36 inches the moisture content 
is never noticed to increase appreciably above the initial 
moisture content. The time necessary for the soil to drain 
to values approaching its initial moisture content was much 
less than that needed for the two loess soils. After 40 
hours the excess water has essentially disappeared from the 
top five feet of the Floyd soil. 
Webster clay loam 
Data collected from the Webster clay loam plots are 
graphed in Figure 24. Even after SO hours the water added 
had not appreciably drained from the surface foot of soil. 
At all other depths throughout the period of measurement the 
water content is seen to have changed very little. It can 
be seen in Figure 24, however, even though the change in 
moisture is in the order of one percent that water did pene­
trate to five feet during the infiltration interval. 
Figure 23. Same as Figure 21 except soil is Floyd clsy 
loam and horizontal scale is different 
Shaded area represents the added water above the 
initial moisture content 
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Figure 24. Same as Figure 21 except soil is Webster 
clay loam 
Shaded area represents the added, water above the 
initial moisture content 
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Moisture Release Surfaces 
The data collected using the specially constructed pres­
sure units are given in Figures 25 through 28. These four 
figures all have similar axes and are drawn to the same scale. 
The vertical axis represents the percent water in the soil 
on a volume of core basis for a particular soil depth (axis 
to the left) and suction (axis to the right). The intersec­
tions of the lines drawn at depths in multiples of six inches 
excluding zero inches with lines corresponding to suctions 
of 0, 5, 10, 15, 20, 25, 50 and 76 centimeters of mercury 
represent the mean water content at those depths and suctions 
averaged over one determination from each of the four plots. 
The individual measurements are summarized in the Appendix. 
See Tables 5 through 8. 
Ida silt loam 
As evidenced in Figure 25, there is a layer 30 inches 
deep in the Ida soil which retained more water than did the 
layers of soil above or below this layer, causing a ridge to 
appear in the plotted surface at this depth. The ridge 
is especially prominent at 75 centimeters of suction and 
is noticeable almost to saturation or zero suction. In 
general, the surface is smooth. At all depths sampled at 
least 30 percent water was lost when the suction was in­
creased from 0 to 76 centimeters of mercury. The results 
Figure 25. Soil moisture release surface of Ida 
silt loam 
Water content by volume is plotted as a function 
of soil depth and soil moisture suction 
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obtained from the samples were in good agreement with each 
other as evidenced in Table 5 of the Appendix. The largest 
range of water content at a given depth and suction was only 
about 5 percent. 
Monona silt loam 
The surface drawn in Figure 2.6 from the data from the 
Monona soil has a different shape than that of the Ida. In 
general, the height of the surface decreases monotonie ally-
as either suction or depth increases. The water lost from 
saturation to 76 centimeters of mercury suction in the lower 
depths of the profile is in the same order of magnitude as. 
that in the Ida; however, at the surface, Monona soil loses 
much less water than the Ida.. Individual determinations at • 
given soil depths and suctions are seen in Table 6 of the 
Appendix to compare favorably with one another. 
Floyd clay loam 
Water percent versus suction curves in the Floyd soil 
for several depths are essentially parallel to each other. 
See Figure 27. Individual determinations at given depths 
and suction are seen in Table 7 to scatter widely. Even . 
though the variability between plots was found to be large, 
the mean values over all four plots plotted in Figure 27 
resulted in as smooth a surface as the loess soils exhibited. 
Figure 26. Same as Figure' 25 except soil is Monona, 
silt loam 
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Figure 27. Same as Figure 25 except soil is Floyd 
clay loam 
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Webster clay loam 
Except for the first ten centimeters of mercury suction, 
increasing suctions resulted in very little water lost from 
the Webster soil samples at all depths. The Webster moisture 
release surface was similar to that of Floyd; however, it 
was more irregular with increasing depth. Compare Figures 
28 and 27- The variability between plots was less than the 
Floyd soil but markedly greater than that of the loess soils. 
Individual moisture determinations are given in Table 8. The 
samples from the 6 and 24 inch depths held more water at 
higher suctions than those of other depths with the 48 inch 
sample holding the least. 
Capillary Conductivity Measurements 
Ida silt loam 
The results of capillary conductivity determinations on 
soil cores removed from the plots of the Ida soil are given 
in Table 1. Determinations between plots made at equal suc­
tions are noted to vary by 400 percent. This is good agree­
ment for conductivity measurements of field soils. Within 
every plot the conductivities measured within the 30 inch 
depth were less at 25, 50, 75 and 100 centimeters suctions 
than those of other depths measured at corresponding suctions. 
If the means located in the last column of the table are 
Figure 28. Same as Figure 25 except soil is Webster 
clay loam 
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Table 1. The capillary conductivity in different depths of 
Ida silt loam at various soil moisture suctions 
Depth 
(inches) 
Suction > 
(cm. water) 
Capillary conductivi ty (cm./hr - )  
Plot 1 Plot 2 Plot 3 Plot 4 
ia [cp 
0 3.44 5.85 7.70 12.51 7.38 
25 2.36 3.29 — —. 6.57 4.07 
24 50 1.62 1.97 4.73 4.38 3.18 
75 0.46 0.98 1.04 1.30 0.95 
100 0.31 0.32 0.32 1.08 0.51 
0 3.23 4.06 1.66 17.88 6.70 
25 2.08 0.74 0.60 1.14 
30 50 0.57 0.70 0.54 0.57 0.59 
75 0.20 0.38 0.38 0.38 0.34 
100 0.13 0.13 0-18 0.20 0.16 
0 6.98 3.75 4.04 
o
 
co 1—
1 
4.09 
25 5.91 — — 2.73 — — 4.32 
36 50 1.61 1.54 2.05 0.92 1.53 
75 0.83 0.68 1.43 0.75 0.92 
100 0.51 0.46 0.73 0.41 0.53 
0 3.06 2.71 2.18 4.28 3.06 
25 1.67 2.66 — — 2.42 2.25 
42 50 1.44 2.23 1.31 .1.88 1.72 
75 1.00 0.71 0. 50 1.75 0.99 
100 0.62 0.53 0.21 0.72 0.52 
observed, it is seen that the conductivities of the 30 inch 
layer are approximately three times less than those of the 
layers s.bove and below. 
Monona silt loam 
Capillary conductivities measured on samples from the 
Monona soil are given in Table 2. These values were, in 
general, smaller (the 12 inch depth excepted) than those 
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Table 2. The capillary conductivity in different depths of 
Monona silt loam at various soil moisture suctions 
Depth Suction Capillary conductivity (cm./hr.) 
(inches) (cm. water) Plot 1 Plot 2 Plot 3 Plot 4 Mean 
0 — — 6.36 16.04 11.20 
25 0.24 — 3.15 — 1,69 
12 50 0.090 0.15 0.061 0.50 0.20 
75 0.027 0.021 0.055 0.092 0,049 
100 0.032 0.019 0.041 0.035 0.032 
0 2.21 9.02 11.68 18.44 10.33 
25 1.20 2-10 — — 1.65 
24 50 0.63 0.35 0.11 0.97 0.52 
75 0,21 0.15 0.074 0.20 0.16 
100 0.18 0.13 0.044 0.026 0.095 
0 12.99 8.41 4.09 5.61 7.77 
25 0.80 — 0.75 1.34 0.96 
36 50 0.51 0.37 0.11 0.74 0.43 
75 0.49 0.21 0.070 0.32 0.27 
100 0.24 o.ll 0.055 0.23 0.16 
0 1.54 1.85 4.69 11-11 4.80 
25 — 3.20 2.65 2.12 2.66 
48 50 0.27 2.98 2.49 1.05 1.70 
75 0.10 1.20 1.72 0.91 0.98 
100 0.028 — 0.45 0.37 0.28 
measured in the Ida soil• Also, more variability is noticed 
between conductivity values at any given depth and suction. 
Comparing conductivities at equal suctions through the pro­
file, it is seen for the most part that the values are at 
least constant if not increasing with depth. The means 
definitely show an increase in conductivity with an increase 
in soil depth. 
97 
Floyd clay loam 
In comparison with either the Ida or the Monona, the 
values of the Floyd samples were much smaller at all depths. 
See Table 3. The 12 and 48 inch depths appeared to have the 
least variation in values between samples while the 24 and 36 
inch depths were considerably more erratic. The conductivity 
of the profile decreased with increasing depth. The greatest 
Table 3. The capillary conductivity in different depths of 
Floyd clay loam at various soil moisture suctions 
Suction 
Depth (cm. Capillary conductivity (cm./hr.) 
(inches) water) Plot 1 Plot 2 Plot 3 Plot 4 Mean 
0 0 .073 0 .16- 3 .82 0 .031 1 .02 
25 0 .0051 0 .0037 0 .0070 0 .0043 0 .0050 
50 0 .0020 0 .0019 0 .0041 0 .0030 0 .0028 
75 0 .0018 0 .0010 0 .0024 0 .0021 0 .0018 
100 0 .0010 0 .00060 0 .0019 0 .0013 0 .0012 
0 34 • 17 15 .43 27 .00 26 .04 25 .66 
25 0 .014 — 0 .023 0 .023 0 .020 
50 0 .0056 0 .010 0 .0087 0 .0018 0 .0065 
75. 0 .0020 0 .0021 0 .0016 0 .0014 0 • 0018 
100 0 .00070 0 .0016 0 .00075 0 .00072 0 .00094 
0 0 .88 0 .015 0 .80 0 .42 
25 0 .0039 0 .028 0 .0045 0 .0072 0 .011 
50 0 .00058 0 .0054 0 .00080 0 .00080 0 .0019 
75 0 .00054 0 .0016 0 .00028 0 .00029 0 .00068 
100 0 .00015 0 .00060 0 .00013 0 .000084 0 .00024 
0 0 .15 0 .076 0 .065 3 .01 0 .82 
25 0 .0066 0 .010 0 .0011 0 .0010 0 .0044 
50 0 .0012 0 .00091 0 .00052 0 .00044 0 .00072 
75 0 .00061 0 .00015 0 .00027 0 .00025 0 .00032 
100 0 .00050 .0 .00010 0 .00010 0 .00018 0 .00022 
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decrease occurred between the 24 and 36 inch depths. The 
saturated conductivity or the conductivity at zero suction 
was approximately 25 times greater in the 24 inch layer than 
in other layers. 
Webster clay loam 
Webster clay loam showed capillary conductivities of the 
same order of magnitude (see Table 4) as those measured on the 
Table 4. The capillary conductivity in different depths of 
Webster clay loam at various soil moisture suctions 
Suction 
Depth (cm. Capillary conductivity (cm./hr.) 
(inches) water) Plot 1 Plot 2 Plot 3 Plot 4 Mean 
0 68 . 54 5 .77 24 ,00 — 32 .77 
25 0 .49 0 .042 0 .52 0 .026 0 .26 
50 0 .0015 0 .0068 0 .00039 0 .0012 0 .0025 
75 0 .00084 0 .00021 0 .00023 0 .00062 0 .00048 
100 0 .00031 0 .00012 0 .00013 0 .00016 0 .00018 
0 21 .80 13 .23 16 . 59 9 .62 15 .31 
25 0 .0024 0 .0029 0 .0011 0 .0016 0 .0020 
50 0 .00024 0 .0004 5 0 .00019 0 .000055 0 .00023 
75 0 .00011 0 .00012 0 .000053 0 .000026 0 .00008 
100 0 .00010 0 .000070 0 .000046 0 .000019 0 .00006 
0 2 .40 1 .26 23 .97 1 .14 7 .19 
25 0 .040 0 .0027 0 .0069 0 .034 0 .021 
50 0 .0014 .0 .00011 0 .00042 0 .00095 0 .00072 
75 0 .00036 0 .000055 0 .00016 0 .00016 0 .00018 
100 0 .00029 0 .000028 0 .000094 0 .000068 0 .00012 
0 0 .28 0 .074 32 .54 5 .96 9 .71 
25 0 .0020 0 .0054 0 .076 0 .11 0 .048 
50 0 .00032 0 .0024 0 . 034 0 .027 0 .016 
75 0 .00031 0 .0019 0 .0077 0 .0046 0 .0036 
100 0 .00030 0 .0015 0 .0043 0 .00090 0 .0018 
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Floyd samples. The least permeable layer (the case of zero 
suction excepted) was found to be the 24 inch depth while the 
most permeable layer at suctions greater than 25 centimeters 
was at 48 inches. Saturated conductivities were variable in 
all depths. 
Miscellaneous Soil Properties 
The results of the particle size analysis, fifteen atmos­
phere percentages and bulk densities for all four soils used 
in this study are listed in tabular form in the Appendix. 
Ida silt loam 
In Table 9 it is seen that most depths sampled in the Ida 
soil possessed a clay content wnich ranged from 18 to 20 per­
cent. The two exceptions are seen in the surface 9 inches 
and the depth from 27 to 36 inches. These two layers had 
clay contents which were as much as 5 percent higher than the 
adjacent soil layers. Silt contents decreased and sand con­
tents remained unchanged in the 27 to 56 inch layer compared 
to the other layers. The fifteen atmosphere percentages 
varied in the same manner as the clay contents. Bulk den­
sities were approximately 1.25 grams per cubic centimeter 
throughout most of the profile. Higher densities of 1.30 
were recorded in the upper 12 inches and from 36 to 45 inches 
within the profile. 
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Monona silt loam 
In general, clay contents decreased (see Table 10) and 
silt increased in the Monona soil as the sampling depth in­
creased. Sand contents remained unchanged with increasing 
depths. As was evidenced in the Ida soil, the fifteen atmos­
phere percentages showed a direct relation with the percent 
clay. Maximum bulk densities of 1.32 grams per cubic centi­
meter were recorded in the top soil of the Monona with mini­
mum. densities of about 1.15 occurring from 15 to 45 inches. 
Floyd clay loam 
There was good agreement (Table 11) between plots for 
values of clay, silt or sand content in the samples taken 
from the Floyd soil from the upper IS inches. Below this 
depth the analyses showed large variations between plots- For 
example, at the 33 to 36 inch depth the percentage of clay 
for the four plots were 32.6, 10.0, 32.7 end 7.5. Fifteen 
atmosphere percentages were also variable at these lower 
depths. Bulk densities increased as sampling depth increased. 
The range in mean densities was from 1.29 to 1.91 grams per 
cubic centimeters. 
Webster clay loam 
As was observed in the Floyd, the percentages of clay, 
silt and sand measured in the Webster soil showed large vari­
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ations from plot to plot in the deeper depths of the profile. 
See Table 12. Mean clay contents increased from 32..8 percent 
in the soil surface to a maximum value of 38.5 percent in the 
24 to 27 inch depth and then decreased to around 20 percent 
in the deeper layers of the profile. From 27 inches down 
there was a large increase in send content over that which 
occurred in the shallower depths. The bulk densities also 
increased with increasing depth and had less variation than 
the fifteen atmosphere percentage or particle size analyses. 
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DISCUSSION 
The field results for each of the four soils given in the 
preceding chapter will be discussed in view of the physical 
measurements determined on the soil samples removed from each 
profile. Whenever possible, the relative agreement of either 
the field or laboratory data with commonly observed field 
experiences will be pointed out. Examples of how the results 
of this study may be applied to other problems in the field 
or laboratory will be given. And, finally, an evaluation 
of the use of a neutron scattering moisture meter for studying 
soil water movement will be presented. 
Ida Silt Loam 
Field measurements and all physical analyses made in the 
laboratory on Ida silt loam showed that this soil had an un­
usually high degree of homogeneity as compared to other Iowa 
soils. If it is assumed that the method used for measuring 
soil water had an accuracy of + 1/2 percent water by volume, 
almost all water content versus time curves for a given depth 
were identical as is seen in Figures 5 through 8. This 
homogeneity is consistent with previous field sampling of Ida 
soil for changes in water content studied through the growing 
season. 
As was seen in Figures 5 through 8, or possibly more 
clearly in Figure 21, the water content did not appreciably 
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increase above its initial value in the lower layers of the 
soil profile. Two different explanations of this phenomenon 
could be presented. Both are based upon a particular rela­
tion of capillary conductivity with depth. Which one is true 
can only be decided by measuring the capillary conductivity 
through the profile. 
One hypothesis would be that the soil profile is composed 
of two distinct layers, having different capillary conduc­
tivities. The lower layer would have a much greater capillary 
conductivity than the upper layer. In this situation, as 
water is slowly drained from the upper layer, it moves rapidly 
through the pores of the lower layer owing to its relatively 
large capillary conductivity near the initial moisture con­
tent . The second hypothesis and the one which is actually 
proved correct in this study involves s profile composed of 
three layers of soil having different conductivities. The 
upper and lower layers would be highly permeable with the 
middle layer restricting water movement owing to its low 
permeability. Thus, the rate at which water drains from the 
profile would be largely governed by this restricting layer. 
Water contents would not be able to decrease rapidly above the 
layer while below the layer conduction would be rapid enough 
never to allow an appreciable increase in water content. 
In the profile of the Ida silt loam, the layer of soil 
centered about the 30 inch depth was the restricting layer 
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for water movement. Referring once again to Table 1, one sees 
that this layer is three times less permeable at 100 centi­
meters suction than the adjacent soil layers. Using the soil 
moisture release surfaces to relate the percent water deter­
mined in the field with the soil moisture suction which 
occurred during drainage, it can be determined that a capil­
lary potential difference equivalent to about 100 centimeters 
of water was present between the restricting layer and the 
layers above it. 
It may be questioned whether at soil moisture suctions 
of 200 to 250 centimeters of water the capillary conductiv­
ities would be in the same relation as at 100 centimeters suc­
tion. Comparing the moisture release curves at these par­
ticular depths over the suction values in question, it would 
appear that the conductivities would be in the same relation. 
One hundred centimeters of water suction was the highest suc­
tion used in this study owing to the small air entry value 
of the blotters used in the capillary conductivity apparatus. 
Because this study was conducted at moisture contents above 
field capacity, suctions occurring in the field would not 
generally exceed 100 centimeters of water except when water 
contents appro ached the initial moisture values. Since the 
time of measurement, further experimental work on the design 
of the apparatus to facilitate operating at higher suctions 
has been conducted which will be discussed in a later para­
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graph. 
Upon measuring the difference in water stored in the pro­
file above a certain layer at two different times and with 
the use of the soil moisture release curves to calculate the 
gradient in hydraulic head existing across the layer during 
drainage, the capillary conductivity as it existed in the 
field can be approximated. These values are not included in 
this manuscript; they were of the proper order of magnitude 
compared to the laboratory investigation. 
The relation of other physical properties to the capil­
lary conductivities found in these layers of Ida silt loam is 
interesting. Because pore size distributions are so intimate­
ly related to capillary conduction, the amount of clay present 
in a soil which also influences the pore size distribution is 
often used as a guide for predicting capillary conductivities. 
The 3 percent increase in clay content which was measured in 
the 30 inch depth of the Ida soil is probably responsible for 
enough change in the pore size distribution of that layer to 
account for the decreased conductivity. The bulk densities 
measured did not seem to be related to the capillary conduc­
tivities determined at these depths. The fifteen-atmosphere 
percentages were included in the physical properties only as 
a convenience to those interested in estimating the plant 
available water that can be temporarily stored in the various 
profiles. 
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Previous to this investigation, it was hoped that the 
Ida soil possessed a uniform capillary conductivity so that 
the recently developed theory of Philip (19 57b, c, d, e, f) 
could be adequately tested under field, conditions. Because 
of the presence at 30 inches depth of the layer with a lower 
conductivity than in the remaining profile, the recorded data 
could not be used in his mathematical treatment. An exten­
sion of the theory to a three or two layer soil system was 
not included in the scope of this study. 
The results from the Ida soil may serve as a partial 
explanation for a phenomenon commonly observed in the field. 
Erosion is of primary importance where these soils occur in 
western Iowa owing to the undulating relief on which the soils 
are located and to the small amount of aggregation of the soil 
surface associated with low organic matter content. It has 
been observed that the erodibility of the Ida increases 
especially if a rain follows shortly after another heavy rain. 
With the downward water movement being restricted by some 
layer, rainfall being intercepted by the soil will have a 
greater tendency to run off rather than infiltrate into the 
soil. Thus, the greater erosion commonly observed is thus 
explained- If this layer observed in this study is related 
to the deposition of the loess, its depth would not be con­
stant over a large area. This would cause a lesser or greater 
amount of water depending upon the depth of layer to be re­
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quired to infiltrate into the soil before this increased 
erosion rate could occur. Use of the methods involved in 
this manuscript might be the proper approach to evaluate the 
potential infiltration and erodibility of western Iowa soils. 
Monona,Silt Loam 
The field moisture release curves versus time seen pre­
viously in Figures 9 through 12 were similar to those of 
Ida soil; however, they did differ in the lower portion of 
the profile where water contents did increase considerably 
over the initial moisture contents. Referring back to Figure 
22, it is seen that most of the added water did not remain 
in the upper portion of the profile as was evidenced in the 
Ida. Rather it moved down through the profile more or less 
as a unit even though some water preceded this unit in the 
profile and some excess water was left in the upper layers 
of the soil. Investigations of Youngs ( 1958a, b), who measur­
ed water moving through uniform columns of soil in the labora­
tory, have shown similar movement of water. However, the 
initial moisture content in his study was zero, thus an abrupt 
wetted front was evident. The initial conditions in the 
Monona soil differed from those in the systems measured by 
Youngs in two respects. In the Monona soil, the initial 
moisture content was relatively high, being somewhat close to 
field capacity. Also, the capillary conductivity was not 
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constant at any given moisture content throughout the profile-
In fact, the conductivity increased slightly with depth as 
is seen in Table 2. 
The solution, as worked out by Philip, of the partiel 
differential equation of infiltration is adequate in explain­
ing the results from the Monona soil and at the same time the 
results obtained by Youngs. The equation is of the type of 
a diffusion equation in which the diffusion coefficient is 
assumed to be concentration dependent. This assumption must 
be made since the diffusion coefficient comprises the capil­
lary conductivity coefficient which is dependent upon water 
content. When measuring water flowing into an initially dry 
soil, the only measureable water capable of entering the dry 
region ahead of the distinct wetted front is that which 
travels slowly by molecular diffusion end by restricted film 
flow owing to the limited capillary conductivity in this dry 
region. Hence, a marked advancing water front is observed 
in this case. However, as the water content increases due 
to infiltrating water, the capillary conductivity through the 
soil increases and as water is added to the upper layers of 
the soil profile the water redistributes itself resulting in 
higher moisture contents just below the main volume of water 
added. In the extreme case of saturation, a drop of water 
added to the surface of a soil system will result in an imme­
diate release of a drop of water from the bottom of the soil 
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if there exists an air-soil water interface et its lower sur­
face. 
The movement of water observed in the Monona soil is 
therefore explained in view of the above discussion and the 
fact that there is no soil layer within the profile possess­
ing a limited capillary conductivity. Previous to the appli­
cation of neutron scattering to moisture measurement in soils, 
small increases in water content similar to those measured 
below the main volume of added water in the Monona were not 
found - Thus, the marked wetted fronts commonly observed in 
soils after the infiltration of water were probably accom­
panied by a small increase in water content beneath them in 
the deeper layers of the soil, but owing to the inaccuracy of 
measurement and the transient state of the water, these small 
increases were either neglected or not adequately measured. 
The present theory does, however, predict these increases. 
Conductivities measured in the laboratory on Monona 
samples were less than those of the Ida samples. This is 
also reflected in the field measurements. After 80 hours 
the lower layers of Monona soil had not reached their initial 
moisture content while those of the Ida had. Although a 
longer time was required to reach the initial moisture con­
tent in the Monona soil, it infiltrated water much faster 
than the Ida. It might be concluded, therefore, that for a 
given rain storm not preceded by a heavy rain, less erosion 
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would, occur from the Monona surface than the Ida. 
As in the Ida soil, there is a relation between clay con­
tent and the capillary conductivity of the soil layers = As 
clay content decreased, capillary conductivity increased. 
No relation existed between the bulk density and conductivity 
values. This would be expected owing to the lack of correla­
tion between clay, silt or sand and bulk density over a nar­
row range of primary particles. 
Floyd Clay Loam 
The rapidity at which the Floyd clay loam infiltrated 
and drained the six-inch application of water does not agree 
at all with the physical determinations made in the labora­
tory. However, this disagreement can probably be explained 
with the help of a more complete description of the physical 
properties of the soil profile. Reviewing once again the 
data found in Table 11 in the Appendix, it is seen that the 
bulk densities are rather high below 21 inches due to the 
occurrence of 50 percent s and or more at these depths. The 
soil is peculiar in that it possesses many vertical lenses 
composed of predominantly sand or clay. These lenses range 
in width from less than an inch to over a foot and many times 
are seen to extend vertically for more than 3 feet. Even 
though much of the soil possesses a high sand content, the 
clay is distributed in such a manner that virtually no large 
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pores (except in the sana) are present as evidenced by the 
soil moisture release surface in Figure 27. Thus, the actual 
volume of soil occupied toy sandy lenses and transition layers 
is very small compared to the total soil mass. 
While sampling the Floyd soil, some compaction took. 
place as evidenced by the percent water in the saturated soil 
samples which had less water than the soil under field condi­
tions. Compare graphs in Figures 13 through 16 with the sur­
face drawn in Figure 27. 
The capillary conductivities of these core samples were 
much smaller than those of the loess soils. Yet, upon the 
addition of water at the soil surface, this profile infil­
trated and drained the added water twice as fast as the loess 
soils. The explanation set forth by the author is simple and 
yet will explain how the rapid drainage occurred in the field 
study and also, how this soil is normally so imperfectly 
drained that the soil requires tiling for economical corn 
production. 
When water is added to plots as it was in this study, 
and when the soil is already approximately at its field capac­
ity, water movement occurs mainly in the vertical transition 
zones between the sand lenses end the clay lenses. At very 
low soil moisture suctions the zones conducting the water at 
a relatively high velocity would be those (the sand lenses) 
having the largest pores. At higher suctions, the more rapid­
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ly transmitting zone would be that portion of the transition 
zone containing more clay. Finally, at high suctions, the 
bulk, of the soil and that portion of the transition zone con­
taining very little -sand would be the highest conducting 
region. Thus, when water is added to the soil surface, no 
appreciable increase in the total water content in the soil 
takes place because water does not move into the bulk of the 
soil mass due to the soil1s limited conductivity as seen in 
Table 3. The small increase measured is due to the increased 
water content in 'the more rapidly conducting zones averaged 
over the total soil volume. These zones quickly drain to 
their initial moisture content, leaving the entire soil at 
its initial moisture content in a. short length of time. 
Natural conditions in the field occurring in the spring 
are different than those in the above paragraph since water 
from fall rains and winter snows have had a long time to 
penetrate and raise the moisture content of the slowly 
permeable soil mass and even to raise the water table to a 
shallow depth. After spring rains have ceased, only the 
rapidly draining zones which occupy a small portion of the 
total soil mass are able to drain leaving most of the soil 
in an extremely wet condition and only drainable at a rate 
governed by its low capillary conductivity. Thus, the soil 
could be classified as poorly drained and yet, in an experi­
ment similar to the present one, contrary results could be 
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recorded. 
Soil cores obtained in the field from the Floyd soil 
were selectively taken in order that vertical sand lenses be 
avoided. It was thought at the time of sampling that the 
conductivity of the soil could best be estimated by using 
select samples owing to the small total volume that these 
lenses occupied. 
The relation between capillary conductivity and clay 
content found in the loess soils did not occur in the Floyd 
samples. On the more sandy sajnples, the conductivity would 
not necessarily have a higher value at low suctions than 
samples containing more clay. Nor was there a relation at 
higher suctions. The capillary conductivity of the 36 and 
48 inch depths was lower than those in the upper two layers 
measured. The water did not appreciably increase above 
Initial moisture content at these depths. These data are 
more evidence that the bulk of the soil volume might not 
have been wet by the added water• 
Webster Clay Loam 
Unlike the other three soils already discussed, Webster 
clay loam required much more time to infiltrate the 6 inches 
of water added. Look again at Figures 17 through 20• This 
soil possesses sand and clay lenses but they are more of the 
order of pockets rarely larger than six inches in diameter. 
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No connection between pockets as was seen in the Floyd soil 
was visually observed, when sampling the plots of Webster. As 
with the Floyd soil, cores including sand lenses were not 
used in the capillary conductivity studies of the Webster. 
The capillary conductivities measured on Webster soil 
samples were the smallest found in all four soils studied. 
Therefore, owing to these small values and the fact that no 
rapidly conducting vertical zones are present within this 
soil, the very slow infiltration rate is the expected result. 
The slow rate of water drainage from the surface 12 inches of 
soil was probably lower than it would have been if larger 
plots had been used. Using larger plots would have increased 
the initial moisture contents above those recorded in this 
study because the loss of water in these upper layers due to 
lateral diffusion hastened by large fluctuations in soil 
temperature and large water gradients present at the edge of 
the small plot would have been materially decreased. These 
losses undoubtedly occurred in the other three soils; however, 
their occurrence was not nearly as noticeable owing to the 
rapidity at which water was conducted through the soil. 
Compaction occurred while soil cores were being removed 
from these plots as was the case in the Floyd. Verification 
of this compaction is readily made by comparing the saturated 
moisture content recorded from the soil cores with the mois­
ture contents recorded in the field. The field percentages 
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are higher than those measured in the laboratory. Refer 
again to Figures 1? through 20 and Figure 24. Because of 
this compaction, conductivities of various soil layers cal­
culated from the field, data as was done with the data from 
the Ida and Monona soils was not possible with either the 
Webster or Floyd soil. 
The capillary conductivities measured on the Webster 
samples did not show the inverse relation with clay content 
that was shown on the loess soils. It should not be expected 
that the above relation be true for all soils since over the 
range of suctions used, the pore size distributions are not 
uniquely determined, by the clay content. An actual deter­
mination of the capillary conductivity of a soil is, there­
fore, the only sure way to insure a knowledge of a soil's 
permeability. 
Improvement of Methods 
Capillary conductivity measurements were limited to a 
range of suctions from zero to 100 centimeters of water suc­
tion. Greater suctions could have been used if a porous 
material was available which was rapidly conducting and still 
possessed a high air entry value- Further laboratory investi­
gations have been made since measuring the conductivities 
reported in this manuscript to find a more suitable method. 
The material currently being used is a fritted glass 
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bead plate made of equal sized glass beads. The uniform 
size of the beads results in a porous plate having almost a 
constant water content with increasing suction until the suc­
tion applied is that of the air entry value. In plates made 
thus far, 28 micron diameter glass beads have been fused 
together using a muffle oven resulting in s piste capable 
of supporting a. suction of 260 centimeters of water. The 
beads are easily obtained through commercial suppliers and 
provide a porous plate of economical cost which is simple to 
make and performs better than ceramic plates at these suc­
tions . 
An improvement in the field technique which would have 
given a better defined boundary problem is the placement of 
impermeable barriers around larger plots and much deeper 
than the depths at which water was measured. In this manner, 
absolutely no water would have been lost by lateral movement. 
An extension of the method might be used to evaluate the 
effects of different tillage treatments on the top soil and 
soil lying beneath the plow sole. Capillary conductivities 
could be measured in the shallower depths by taking soil cores 
and analyzing these in the laboratory as was done in this study. 
Moisture release surfaces could also be determined and com­
pared between treatments. This would show how the pore size 
distributions are changed by the various treatments, although 
their relation to capillary conductivities may be somewhat 
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obscure for field samples. 
Evaluation of the Neutron Scattering Moisture Meter 
Measurement of soil water with the neutron scattering 
moisture meter used in this study appeared to have a pre­
cision of + 1/2 percent water by volume- Differences in soil 
water occurring between two times could, therefore, be accu­
rately determined- However, the accuracy with which total 
water content was measured was limited to the accuracy of 
the calibration curve relating water contents to meter read­
ings. The calibration curve is dependent upon gravitation-
ally determined water contents. Compaction cannot be pre­
vented while sampling field soil and thus, its influence is 
reflected in the neutron scattering measurements. The great­
est advantage of using a neutron meter over' other instruments 
is that no time is required for the measuring device to reach 
an equilibrium with the soil water. Without the use of the 
neutron scattering moisture meter, field measurements of 
soil water could not have been made as accurately or as often 
as they were in this experiment. 
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SUMMARY AND CONCLUSIONS 
A study was made to determine the rapid redistribution of 
soil water immediately following infiltration of water in four 
Iowa soils and to explain the observed redistribution of soil 
water within these soils on the basis of their physical prop­
erties . The study was, therefore, naturally divided into a 
field investigation and a laboratory investigation. 
A neutron scattering moisture meter was used for measur­
ing soil water in the field. In the center of each plot an 
access pipe was driven deep enough into the soil to allow 
water to be measured to a depth of 5 feet. The soil removed 
from the inside of the access pipes was used to determine 
particle size distribution and fifteen atmosphere percent­
ages . The soils were twice thoroughly wet, covered with 
polyethylene sheeting and allowed to drain previous to any 
moisture determinations. Moisture contents, called initial 
moisture contents, were determined at depths of 6-inch inter­
vals following the second drainage period which was of either 
two or four weeks duration. Six inches of water was then 
allowed to infiltrate into each plot under a maximum hydraulic 
head of 1/2 inch. When the surface of the added water just 
coincided with the soil surface, soil water measurements 
were taken every hour at each depth until only a small change 
in water content occurred during a one-hour time interval. 
Time intervals were then lengthened. After the water content 
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was reduced to the initial moisture percentages, or after 
movement of water became extremely slow, no more measurements 
were made. 
Soil samples 3 inches in length were taken with a 3-inch 
diameter core sampler at exactly the same depths at which 
moisture determinations with the neutron meter were made. 
These samples were taken several months later at all depths 
in each plot within a few inches of the access pipes. Mois­
ture release curves, capillary conductivities and bulk 
densities were determined using these samples. 
Specially constructed lucite pressure units were used 
to determine the moisture release curves of individual soil 
samples. A porous ceramic plate supported a soil core and 
allowed drainage of water from the soil when compressed air 
was allowed to enter the air tight unit. Differences in water 
content between two applied pressures could be readily ob­
served by weighing the entire unit or by measuring the re­
leased water. Moisture release measurements at each depth in 
all four soils were made and the data were plotted as a func­
tion of soil depth and suction or negative pressure. 
Capillary conductivity measurements were also made on 
the soil cores removed from the field plots. Fritted glass 
filter funnels 10 millimeters in diameter served as tensio-
meters. A differential manometer connected to the tensio-
meters located in the top and bottom of the soil cores was 
120 
used to ascertain the hydraulic head difference across the 
soil cores. Carbon disulfide was found to be an excellent 
liquid to be used in manometers when small hydraulic head dif­
ferences are to be measured. Mercury was used as the heavy 
liquid when large head differences existed or when slowly 
permeable samples were analyzed - Soil cores were placed on 
small tension tables connected to a water source which was 
adjusted to any suction up to an equivalent of 100 centimeters 
of water. A specially formed fritted glass plate was later 
made to allow suctions of 260 centimeters of water to be 
used. ' 
Water was allowed to evaporate from the surface of the 
soil sample and for a given length of time the volume of water 
used from a constant height water source at a given suction 
was recorded. Evaporation was controlled by the amount of air 
allowed to pass over the soil surface which was enclosed in a 
lucite chamber. Capillary conductivities were calculated for 
samples taken from various soil depths from the above informa­
tion and the hydraulic head gradients which existed during 
evaporation. Capillary conductivities were measured at 0, 
25, 50, 75 and 100 centimeters of water suction. 
Two loess soils and two glacial till soils were used in 
the investigation. The texture through 5 feet in one loess 
soil, Ida silt loam, was assumed to be constant, having only 
a 3 percent range in clay content. The expected water move-
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ment through this assumed constant soil possessing, over all 
depths, assumed equal capillary conductivities at a given 
soil water suction was not realized. Rather, water movement 
occurred which indicated a restricting layer at 30 inches. 
The layer prevented the water content below this layer from 
increasing appreciably above the initial moisture content. 
This restricting layer was experimentally verified by capil­
lary conductivity measurements in the laboratory. The layer, 
not visually observed in the field, differed from the rest 
of the soil by having 3 percent more clay than the soil above 
or below it. 
Field results from the second loess soil, Monona silt 
loam, showed no restricting layer was present. Capillary 
conductivities measured in the laboratory and calculated 
from field data were in agreement. 
One glacial till soil, Floyd clay loam, infiltrated and 
drained the added water in an unexpectedly short length of 
time. The low capillary conductivities of the samples found 
in the laboratory and the fact that drain tubes are commonly 
used in practice in this soil seem to be at variance with 
the observed rapid infiltration. The discrepancy was ex­
plained by the peculiar type of heterogeneity in this soil. 
A large number of vertical columns consisting predominantly 
of either clay or of sand occurred in the soil. These 
columns had a width varying from less than 1 inch to more 
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than a foot and they often were more than 3 feet in length. 
The capillary conductivity of the clay is low, that of the 
sand column is high at a low suction. Thus infiltration can 
take place rapidly through the sand columns and the transi­
tions between the sand and clay columns. Yet the bulk volume 
of the soil which consists mainly of clay dees not drain 
rapidly so that tiles have to be installed to remove the 
excess water penetrating during the winter and early spring. 
The laboratory and field data from the second till soil, 
Webster clay loam, were in agreement. This soil required 
three times longer to infiltrate the 6 inches added than the 
other soils studied. Capillary conductivities measured were 
much smaller at all depths. 
An interesting result found on all four soils was the 
increased water content even at 5 feet immediately after 
infiltration. Water in some cases had apparently moved 
through the profile in less than three hours. This fact is 
in agreement with the mathematical theory of infiltration, 
which predicts a small rise in water content even at a great 
distance before the wetted front. That it has escaped atten­
tion so long, even though it could be definitely observed 
in the present investigation, proves the increased accuracy 
over conventional soil moisture measuring devices that can 
be obtained with the neutron meter. 
The following conclusions are drawn from the experi-
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mental results: 
1. Visual observations of soil profiles in place in the 
field are not adequate to characterize soil water 
flow in the unsaturated state. 
2• The capillary conductivity of a soil cannot be esti­
mated from the textural analysis of the soil with 
any degree of reliability at soil moistv.-*;.- sve !;ions 
used in this study. 
3. The technique of determining the capillary conduc­
tivity of soil cores by the method described appears 
to be satisfactory. The short time required to 
reach equilibrium in a soil sample of approximately 
3 inches in length is an advantage over other methods 
where long soil columns are used. 
4. A new method of plotting soil moisture content in 
three dimensions as a function of two variables, i.e.. 
soil moisture suction and depth in the soil has 
been used. The soil moisture surface, character­
istic for a given soil, which is obtained in this 
manner proved useful for the interpretation of the 
infiltration data. It is the author's belief that 
the method will also be of value in soil classifica­
tion. 
5. A neutron scattering moisture meter provides accurate 
measurement of water in soils under natural condi­
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tions. The accuracy seems sufficient for obtaining 
numerical solutions of flow problems and for testing 
new flow equations. 
Water infiltrated into a soil does not necessarily 
have to show a distinct wetted front. The steepness 
of a wetted front is dependent upon the initial soil 
moisture present within the profile and the capil­
lary conductivity of the soil. 
125 
BIBLIOGRAPHY 
Bodman, G. B. and Coleman, E. A. 1944. Moisture and energy 
conditions during downward entry of water into soils• 
Soil Soi. Soc. Amer. Proo. 8: 116-122. 
Boussinesq, M. J. 1904. Recherches théoriques sur l1,écoule­
ment des nappes dl eau dans le sol et sur le debit des 
sources. Jour, de Mathématiques 10: 28-42. 
Bouyoucos, G-. J. 1951. A recalibration of the hydrometer 
method for making mechanical analysis of soils. Jour. 
Amer. Soc. Agron. 43: 434-439. 
Buckingham, E. 1907. Studies on the movement of soil mois­
ture. U. S. Bur. Soils Bui. 38. 
Childs, E. C. 1936. The transport of water through heavy 
clay soils I, III. Jour. Agr, Sci. 26: 114-127, 527-545. 
. 1938• The movement of water In heavy soils after 
irrigation. Soil Sci. 46: S5-106. 
and Co Hi s-G-eo rge, N. 1948. Soil geometry and soil 
water equilibria. Disc. Faraday Soc. 3: 78-85. 
and . 1950. Permeability of porous mate­
rials. Proc. Roy. Soc. (London) 201A: 392-405. 
and . 1954. Movement of moisture in un­
saturated soils. Trans. 4th Inter. Cong. Soil Sci. 
1: 60-64. 
Christiansen, H. R. 1940. Flow of fluids in porous media. 
Unpublished Ph. D. Thesis ; Ames, Iowa. Iowa State 
College Library. 
. 1944. Permeability-capillary potential curves 
for three Prairie soils. Soil Sci. 57: 381-390. 
Coleman, E. A. 1946. A laboratory study of lysimeter drain­
age under controlled soil moisture tension. Soil Sci. 
62: 365-382. 
Corey, A. T. 1957. Measurement of water and air permeability 
in unsaturated soil. Soil Sci. Soc. Amer. Proc. 21: 7-
10. 
Crank, J. and Henry, M. E. 1949. Diffusion in media with 
variable properties. Trans. Faraday Soc. 45: 636-650. 
126 
Darcy, H. 1856. Les fountaines publique de la ville de 
Dijon. Paris, France, Dalmont. 
Day, P. R. and Luthin, J. N. 1953. Pressure distribution in 
layered soils during continuous water flow. Soil Sci. 
Soc. Amer. Proc. 17: 87-91. 
Edlefsen, N. E. and Anderson, A. B. C- 1943. Thermodynamics 
of soil moisture. Hilgardia 15: 31-298. 
and Bodman, G-. B, 1941= Field measurements of 
water movement through a silt loam soil. Jour. Amer. 
Soc. Agron. 33: 713-731. 
Gardner, W. 1910. The capillary potential and its relation 
to soil moisture constants. Soil Sci. 10: 357-359. 
. 1946- Infiltration. Trans. Amer. Geophys. Union 
27: 126-128. 
, Israelson, 0. W-, Edlefsen, N- E. and Clyde, H. 
1922. The capillary potential function and its relation 
to irrigation practice. Phys. Rev. Ser. 2, 20: 196. 
and Widstoe, J. A. 1921. The movement of soil 
moisture. Soil Sci. 11: 215-233. 
Gardner, W. H. and Gardner, W. 1951. Movement of soil 
moisture in the unsaturated state. Soil Sci. Soc. 
Amer. Proc. 15: 42-50. 
Haise, H. R., Haas, H. J. and Jensen, L- R. 1955. Soil 
moisture studies of some Great Plains soils: II. Field 
capacity as related to 1/3-atmosphere percentage, and 
"minimum point" as related to 15- and 26-atmosphere 
percentages. Soil Sci. Soc, Amer. Proc. 19: 20-25. 
Hansen, V. E. 1955. Infiltration and soil water movement 
during infiltration. Soil Sci. 79: 93-105. 
Hilgeman, R. H. 1948. ^Changes in soil moisture in the top 
eight feet of a bare soil during twenty-two months after 
wetting. Jour. Amer. Soc. Agron. 40: 919-925. 
Irmay, S. 1951. Darcy law for non-isotropic soils. Inter. 
Assn. Sci. Hydrology 2: 178. 
. 1954. On the hydraulic conductivity of unsatu­
rated soils. Trans. Amer. Geophys. Union 35: 463-467. 
127 
Jacob, G. E. 1950. Plow of ground water. In Rouse, H., ed. 
Engineering hydraulics, pp. 45-106. New York, John 
Wiley and Sons. 
Kirkham, D. and Feng, 0. L- 1949. Some tests of the diffu­
sion theory and laws of capillary flow in soils. Soil 
Sci. 67: 29-40. 
Klute, A- 1952a. A numerical method for solving the flow 
equation for water in unsaturated materials. Soil Sci. 
73; 105-116= 
. 1952b. Some theoretical aspects of flow of water 
in unsaturated soils. Soil Sci. Soc. Amer. Proc. 16: 
144-148. 
II 
Kozeny, J. 1927. Uber kapillare leitung des wassers im 
boden. Sitzberger Akad. Wiss. Wlen- 136: 303. 
Luthin, J. N. and Miller, R. B. 1953. Pressure distribution 
in soil columns draining into atmosphere. Soil Sci. 
Soc. Amer. Proc. 17: 329-333. 
Marshall, T. J. and Stirk, G. B. 1949. Pressure potential 
of water moving downward into soil. Soil Sci. 68: 
359-370. 
Miller, R. D. and McMurdie, J. L- 1953. Field capacity in 
laboratory columns. Soil Sci. Soc. Amer. Proc. 17: 
191-195. 
Moore, R. E. 1939. Water conduction from shallow water 
tables. Hilgardia 12: 383-426. 
Muskat, M. 1946. The flow of homogeneous fluids through 
porous media. Ann Arbor, Michigan, J. W. Edwards, Inc. 
Nicholson, M. A. and Childs, E. C. 1936. The transport of 
water through heavy clay soils II. Jour. Agr. Sci. 
26: 128-142. 
Ogata, G« and Richards, L. A. 1957. Water content changes 
following irrigation of bare-field soil that is pro­
tected from evaporation. Soil Sci, Soc. Amer. Proc. 
21: 355-356. 
Ostachev, N. A. 1936. The law of distribution of moisture 
in soils and methods for the study of the same. Inter, 
Conf. Soil Meek. and Found. Eng. Proc. 1: Sect. K, 
227-229. 
128 
Philip, J. R. 1954. An infiltration equation with physical 
significance. Soil Sci. 77: 153-157. 
• 1955. Numerical solution of equations of the dif­
fusion type with diffusivity concentration-dependent. 
Trans. Faraday Soc. 51: 885-892. 
. 1957a. Numerical solution of equations of the 
diffusion type with diffusivity concentration-dependent: 
2. Aust. Jour. Phys. 10: 29-42. 
• 1957b. The theory of infiltration: part 1. Soil 
Sci. 83: 345-357. 
1957c. The theory of infiltration: part 2. Soil 
Sci. 83: 435-448 
1957d. The theory of infiltration: part 3. Soil 
Sci. 84: 97-182. 
1957e. The theory of infiltration: part 4. Soil 
Sci. 84; 257-264. 
. 1957f. The theory of infiltration: part 5. Soil 
Sci. 84: 329-339. 
Richards, L- A. 1928. The usefulness of capillary potential 
to soil moisture and plant investigators. Jour. Agr. 
Res. 37: 719-742. 
• 1931. Capillary conduction of liquid through 
porous media. Physics 1: 318-333. 
. 1947. Pressure membrane apparatus, construction, 
and use. Agr. Eng. 28: 451-454. 
- 1949. Methods for mounting porous plates used 
in soil moisture measurements. Agron. Jour. 41: 487-490. 
• 1950• Laws of soil moisture. Trans. Amer. 
Geophys. Union 31: 750. 
and Mo ore, D. 0. 1952. Influence of capillary con­
ductivity and depth of wetting on moisture retention in 
soil. Trans. Amer. Geophys. Union 33: 531-540. 
Rose, H. E. 1943. An experimental investigation into the 
laws of flow of liquids and gases through beds of granu­
lar material. Unpublished Ph. D. Thesis. North Man­
chester, Indiana. University of Manchester Library. 
129 
Russel, J. G. 1946. The movement of water in soil columns 
and the theory of the control section. Soil Sci. Soc• 
Amer. Proc. 11: 119-123. 
Schneibeli, G. 1953. Sur la théorie des écoulements de 
filtration. Rev. Universelle des Mines 3: 129-139. 
Simonson, R. W., Rlecken, F. F. and Smith, G. D. 1952. 
Understanding Iowa soils. Dubuque, Iowa, William C. 
Brown Company. 
Stone, J. F. 1957. Improved instrumentation and some opera­
tional principles for the neutron moderation method of 
measuring soil moisture. Unpublished Ph. D. Thesis. 
Ames, Iowa. Iowa State College Library. 
, Kirkham, D. and Read, A. A. 1955. Soil moisture 
determination by a portable neutron scattering moisture 
meter. Soil Sci. Soc. Amer. Proc. 19: 419-423. 
Sullivan, R. R. and Hertel, K. L. 1942. The permeability 
method for determining specific surface of fibers and 
powders. Advances in Colloid Science 1: 37-80. 
Taylor, S. A. and Heuser, N. C. 1953. Water entry and down­
ward movement in undisturbed soil cores. Soil Sci. Soc. 
Amer. Proc. 17: 195-201. 
Tisdail, A. L. 1951. Antecedent soil moisture and its rela­
tion to infiltration. Aust. J our. Agr. Res. 2: 342-348. 
Veihmeyer, F. J. and Edlefsen, N. E. 1937. Interpretation 
of soil moisture problems by means of energy changes. 
Trans. Amer. Geophys. Union 18: 302-308. 
Wessellng, J. 1957. Enige aspecten van de waterbeheersing 
in landbouwgronden. Unpublished Ph. D. Thesis. Wagen-
ingen, the Netherlands. National Agricultural University 
Library. 
Youngs, E. G« 1957. Moisture profiles during vertical in­
filtration. Soil Sci. 84: 283-290. 
• (In press, ça. 1958a.) The redistribution of 
moisture in porous materials after infiltration: part 
1. Soil Sci, 
. (In press. ça. 1958b.) The redistribution of 
moisture in porous materials after infiltration: part 
2. Soil Sci. 
130 
ACKNOWLEDGMENTS 
The author wishes to acknowledge the guidance, sugges­
tions and encouragement of Dr* W. R. van Wijk, Professor and 
Head, Institute of Physics and Meteorology, National Agricul­
tural University, Wageningen, The Netherlands. Also grate­
fully acknowledged is the counsel and assistance of Dr. Don 
Kirkham in discussing the problem arid in preparation of the 
manuscript. 
The author further wishes to acknowledge the financial 
assistance of the Iowa Agricultural Experiment Station during 
this study. Also gratefully acknowledged is the help afforded 
by the Soil.Physics graduate section. 
In addition, the author wishes to thank his wife, Joanne 
Joyce Nielsen, for her help and encouragement during the 
period of graduate study. 
131 
APPENDIX 
Table 5. The water content of Ida silt loam at various soil moisture suctions 
Water content (percent by volume) - • 
Soil 
depth Suction (centimeters of mercury) 
(inches) Plot 0 5 10 15 20 25 50 76 
5-9 1 43.75 38.42 34.68 32.38 30.22 27.77 22.88 21.87 
2 47.63 39.28 34.68 31.08 28.20 26.77 20.72 18.85 
3 48.78 40.44 35.26 31.08 28.06 25.61 20.58 18» 56 
4 48.34 38.99 34.24 30.36 27.48 25.18 20.00 17.84 
Mean 47.13 39.28 34.72 31.23 28.49 26.33 21.04 19.28 
9-15 1 50.22 38.27 31.66 27.19 24.46 22.01 16.98 15.97 
2 53.53 40.29 34.68 28.35 24.75 22-59 17.12 15.25 
3 51.80 38.57 33.10 28.92 25.04 23.60 18.42 16.40 
4 50.36 39.71 34.53 30.22 26.62 24.17 17.99 15.83 
Mean 51.48 39.21 33.49 28.67 25.22 23.09 17.63 15.86 
15-21 1 52.52 40.15 32.23 27.19 23.17 20.29 15.69 14.97 
2 53.10 40.15 33.38 27.77 23.88 21.01 15.69 14.10 
3 52.38 42-16 36.55 31.66 27.62 24.61 18.71 16.12 
4 51.80 41.29 34.82 28.92 24.75 22.01 16.69 15.40 
Mean 52.45 40.94 34.25 28.89 24.86 21.98 16.70 15.15 
21-27 1 49.77 41.58 34.67 27.61 24.17 21.00 16.11 15.25 
2 52.09 40.44 34.54 29.21 24.89 22.16 16.69 15.25 
3 51.95 41.30 35.26 29.36 25.76 22.88 17.56 15.83 
4 50.65 40.86 34.96 29.06 24.17 21.01 15.97 14.39 
Mean 51.11 41.05 34.86 28.81 24.75 21.76 16.58 15.18 
27-33 1 48.35 39.86 35.26 31.80 28.49 26.19 20.72 19.57 
2 49.36 41.01 36.69 32.67 29.21 26.62 20.72 18.99 
3 52.09 39.86 34.10 30.36 27.05 24.18 19.28 17.84 
4 49.64 40.14 35.25 30.94 27.62 25.32 20.29 18.42 
Mean 49.86 40.22 35.33 31.44 28.09 25.58 20.25 18.68 
Table 5. ..(Continued) 
Soil 
depth 
(inches) Plot 
Water content (percent by volume) 
Suction (centimeters of mercury) 
0 5 10 15 20 25 50 76 
33-39 1 48.02 42.27 37.38 33.35 29.33 26.02 19.27 18.26 
2 49.36 43.03 39.00 35.11 31.66 29.21 22.74 20.15 
3 60.37 43.17 38.57 33.82 29.79 26.33 20.15 17.84 
4 48.30 42.01 37.55 32.66 28.63 25.61 19.71 17.99 
Mean 49.01 42.62 38.13 33.74 29.85 26.76 20.47 18.56 
39-45 1 48.14 43.81 39.05 34.59 29.98 26.66 19.60 18.16 
2 50.94 45.76 41.73 36.55 32.52 29.07 20.00 17.27 
3 50.37 45.62 41.44 35.83 31.08 27.48 19.45 16.98 
4 48.78 43.88 38.85 32.66 27.63 24.17 17.27 15.40 
Mean 49.56 44.77 40.27 34.91 30.30 26.84 19.08 16.95 
45-51 1 48.59 43.73 38.56 33.40 28.39 24.51 16.78 15.48 
2 51.66 46.05 40.87 34.39 28.92 25.33 18.13 16.26 
3 51.52 45.76 41.01 34.97 30.08 26.48 18.56 16.12 
4 49.35 44.03 38.71 32.66 28.06 24.75 18.42 16.40 
Mean 50.28 44.89 39.79 33.86 28.86 25.27 17.97 16.07 
51-57 1 49.93 44.75 39.28 33.67 27.77 23.31 15.69 14.39 
2 50.22 45.47 40.72 34.39 28.92 25.04 18.28 16.40 
3 51.66 45.62 41.16 35.54 30.51 26.62 18.42 15.83 
4 51.65 46.47 40.43 34.82 29.78 26.19 18.71 16.69 
Mean 50.72 45.33 40.40 34.61 29.25 25.29 17.78 15.83 
57-63 1 50.34 45.86 41.13 36.09 30.77 26.60 18.55 17.11 
2 52.38 47.63 43.31 37.13 30.79 25.90 17.70 14.97 
3 51.80 45.90 40.89 34.97 29.64 24.03 17.27 15.25 
4 52.23 45.47 39.71 33.81 29.06 25.61 19,28 17.27 
Mean 51.69 46.22 41.26 35.50 50.07 25.54 18.20 16.15 
Table 6. The water content of Monona silt loam at various soil moisture suctions 
Soil 
depth 
(inches) Plot 0 
Water content (percent by volume) 
Suction (centimeters of mercury) 
10 15 20 25 50 76 
3-9 1 44.89 37.27 33.81 32.37 30.94 30.07 26.91 24.75 
2 44.61 38.42 35.98 34.54 33.53 32.38 29.21 27.34 
3 45.33 37.99 35.54 33.82 32.81 32.23 29.69 28.20 
4 48.20 39.57 35.54 33.53 31.65 30.94 27.48 25.32 
Mean 45.76 38.31 35.22 33.56 32.23 31.40 28.32 26.40 
9-15 1 45.04 35.25 32.37 30.94 29.93 29.06 26.33 24.17 
2 47.77 33.96 30,51 28.92 28.06 27.05 24.95 22.59 
3 47.49 36.55 32.95 30.94 29.50 28.49 25.60 23.02 
4 50.36 35.11 31.22 29.35 27.48 27.05 24.18 22.01 
Mean 47.67 35.22 31.76 30.00 28.74 27.91 25.26 22.95 
15-21 1 49.64 32.26 31.22 29.21 27.48 26.47 23.45 21.44 
2 47.92 34.10 31.08 29.21 27.77 26.77 23.88 21.87 
3 51.08 36.41 31.94 28.78 26.77 25.04 22.25 19.43 
4 50.33 34.66 30.42 28.00 26.25 25.04 22.27 20.29 
Mean 49.74 35.10 31.16 28.80 27.07 25.83 22.96 20.76 
21-27 1 49.06 37.70 33.09 30.65 27.91 26.62 22.88 19.86 
2 51.23 35.26 30.94 28.35 26.33 24.75 21.73 20.00 
3 53.10 39.28 33.24 28.92 25.90 23.74 20.92 18.42 
4 56.41 40.15 33.67 29.93 27.05 25.33 21.73 17.56 
Mean 52.45 38.10 32.74 29.46 26.80 25.11 21.82 18.96 
27-33 1 50.94 39.86 33.24 29.35 26.33 24.60 21.58 19.57 
2 51.95 40.00 33.96 29.36 25.90 23.46 20.38 17.64 
3 50.94 40.87 34.68 29.79 26.50 23.74 20.38 17.84 
4 50.07 40.87 33 » 38 28.20 24.61 22.74 19.57 17.84 
Mean 50.98 40.40 33.82 29.18 25.84 23.64 20.48 18.27 
Table 6. (Continued) 
Soil 
depth 
(inches) 
Water content (percent by volume) 
Plot 
Suction (centimeters of mercury) 
10 15 20 25 50 76 
33-39 1 50.94 42.59 36.69 31.65 26.47 23.74 19.14 17.27 
2 52.52 40.87 34.25 28.49 24.03 21.30 17.55 16.12 
3 52.96 42.88 35.26 28.78 24.61 21.73 17.99 16.40 
4 53.39 41.73 34.10 28.06 23.89 21.59 17.99 16.55 
Mean 52.45 42.02 35.08 29.24 24.75 22.09 18.17 16.58 
39--45 1 52.52 43.31 35.83 29.50 23.88 21.15 17.27 15.68 
2 55.69 42.59 34.97 28.64 24.46 21.87 18.41 16.55 
3 52.09 42.45 35.40 29.07 24.46 21.59 17.99 16.40 
4 51.08 43.17 37.27 30.79 26.19 23.31 17.99 16.40 
Mean 52.85 42.88 35.87 29.50 24.75 21.98 17.92 16.26 
45-•51 1 52.52 44.32 36.26 29.64 24.60 21;87 17.70 15.68 
2 49.21 43.17 37.41 31.08 26.33 23.02 17.90 15.83 
3 50.65 44.47 37,56 30.51 25.47 22.30 17.89 15.83 
4 51.37 44.47 38.57 31.51 26.77 23.46 17.84 16.12 
Mean 50.94 44.11 37.45 30.69 25.79 22.66 17.83 15.86 
51-.57 1 49.21 44.60 38.56 32.52 27.05 24.03 18.27 15.97 
2 52.96 45.33 37.41 29.21 24.17 21.01 17.18 15.25 
3 49.21 45.04 38.57 31.37 26.19 22.45 17.50 15.83 
4 48.35 44.18 39.72 34.25 29.21 25.61 18.42 17.12 
Mean 49.93 44.79 38.56 31.84 26.66 23.28 17.84 16.04 
57-63 1 49,06 44.46 38.99 33.38 27.77 24.46 17.70 15.97 
2 49.79 44.61 38.85 32.23 27.05 23.74 18.09 15.97 
3 49.21 44.61 40.29 34.68 29.79 25.90 18.61 16.98 
4 51.08 43.60 38.36 31.82 26.53 23.22 17.18 15.54 
Mean 49.79 44.32 39.12 33.03 27.79 24.33 17.89 16.12 
Table 7. The water content of Floyd clay loam at various soil moisture suctions 
Water content (percent by volume) 
depth Suction (centimeters of mercury) 
(inches) Plot 0 5 10 15 20 25 ~ 50 76 
3-9 1 47.34 39.00 37.27 35.83 34.97 34.25 31.37 29.07 
2 46.62 40.00 38.13 37.41 36.40 35.97 33.09 30.65 
3 46.62 38.42 36.84 35.69 35.11 34.54 32.23 30 .;36 
4 49.50 36.83 35.83 34.68 33.96 33.38 31.22 29 .'93 
Mean 47.52 38.56 37.02 35.90 35.11 34.29 31.98 30.00 
9-15 1 47.49 36.98 35.54 34.82 34.10 33.67 31.94 30.51 
2 44.32 37.55 36.26 35.83 35.25 35.25 33.81 32.37 
3 44.18 38.85 37.84 36.98 36.55 35.83 34.39 32-95 
4 47.34 39.57 37.70 36.98 36.12 35.54 33.24 32.09 
Mean 45.83 38.24 36.84 36.15 35.50 35.07 33.59 31.98 
15-21 1 44.03 36.55 35.40 34.54 33.96 33.67 32.09 30.94 
2 41.73 35.68 34.24 33.81 33.24 32.95 31.94 30.50 
3 43.03 35.69 33.96 32.81 31.66 31.08 29.36 27.92 
4 35.11 28.20 26.91 26.47 25.90 25.61 24.03 23.60 
Mean 40.98 34:03 32.63 31.91 31.19 30.83 29.36 28.24 
21-27 1 35.40 28.78 27.48 26.19 26.19 25.61 24.75 23.60 
2 34.53 26.19 24.17 23.60 23.02 22.74 21.58 20.14 
3 35.11 30.79 29.78 29.21 28.49 27.91 26.91 26-19 
4 34.53 29.06 27.63 26.62 25.90 25.18 23.74 23.45 
Mean 34.89 28.70 27.26 26.40 25.90 25.36 24,24 23.34 
27-33 1 26.76 20.43 19.14 18.56 18.13 17.56 16.84 16.26 
2 30.50 28.49 27.62 27.34 27.05 26.91 25.90 24.89 
3 31.23 28.92 28.35 27.48 26.91 26.62 25.76 24.46 
4 31.51 27.77 26.76 26.19 25.90 25.61 24.03 23.60 
Mean 30.00 26.40 25.47 24.89 24.47 24.18 23.13 22.30 
Table 7. (Continued) 
Soil 
depth 
(inches) 
Water content (percent by volume) 
Plot 
Suction (centimeters of mercury) 
0 10 15 20 25 50 76 
33-39 1 29.64 28.20 27.77 27.34 27.05 26.62 25.61 24.89 
2 25.90 22.88 21.44 20.86 20.43 20.14 19.57 18.70 
3 30.51 28.49 28.06 27.63 27.20 26.76 26.04 24.89 
4 29.35 24.46 24.03 23.45 22.88 22.59 21.58 21.44 
Mean 28.85 26.01 25.32 24.82 24.39 24.03 23.20 22.48 
39-•45 1 27.34 20.43 18.55 17.70 17.41 16.98 16.12 15.54 
2 28.78 28.34 27.91 27.62 27.48 27.34 26.91 25.90 
3 31.37 30.22 29.64 28.92 28.35 28.06 27.20 26.04 
4 31.37 29.35 29.21 29.06 28.92 28.63 27.19 26.62 
Mean 29.72 27.08 26.33 25.82 25.54 25.28 24.35 23.45 
45-•51 1 29.79 28.49 27.63 27.05 26.62 26.04 25.04 24.03 
2 31.80 29.50 28.20 27.91 27.34 27.34 26.33 25.61 
3 31.08 29.07 28.64 28.06 27.77 27.34 26.19 24.89 
4 31.94 29.06 28.06 27.91 27.34 26.76 25.32 25.18 
Mean 31.15 29.03 28.13 27.73 27.27 26.87 25.72 24.93 
51-•57 1 29.36 26.33 25.47 24.89 24.61 24.46 23.31 22.16 
2 32.80 31.08 27.48 27.05 26.91 26.76 25.61 25.03 
3 31.37 29.36 28.78 28.20 28.06 27.63 26.48 25.33 
4 30.22 28.20 27.77 27.48 27.05 26.62 25.47 25.32 
Mean 30.94 28.74 27.38 26.90 26.66 26.37 25.22 24.46 
57-•63 1 29, 79 28.35 27.63 27.05 26.48 26.04 25.04 24.03 
2 29.78 28.78 28.49 28.20 27.91 27.77 27.19 26.47 
3 28.92 27.63 27.05 26.62 26.33 25.90 24.89 23.89 
4 30.22 27.63 27.34 26.76 26.19 26.04 24.89 24.89 
Mean 29.68 28.10 27.63 27.16 26.73 26.44 25.50 24.57 
Table 8. The water content of Webster clay loam at various soil moisture suctions 
_ .„ Water content (percent by volume) 
boil 
aepth Suction (centimeters of mercury) 
(inches) Plot 0 5 10 15 20 25 50 76™ 
3-9 1 46.48 42.02 39.72 
2 52.38 40.44 37.70 
3 48.35 41.44 39.28 
4 45.90 40.15 38.13 
Mean 48.28 41.01 38.71 
9-15 1 45.47 35.11 32.95 
2 44.90 37.99 36.55 
3 48.35 39.28 37.84 
4 44.46 35.83 34.39 
Mean 45.80 37.05 35.43 
15-21 1 * —• — _ — 
2 40.29 37.27 56.41 
3 42.74 36.98 35.98 
4 42.02 34.82 33.82 
Mean 41.68 36.36 35.40 
21-27 1 39.72 35.11 34.39 
2 39.57 35.98 35.11 
3 41.59 36.41 35.98 
4 42.02 37 .13 36.69 
Mean 40.72 36.16 35.29 
27-33 1 37.13 33.24 32.81 
2 39.14 30.51 29.07 
3 40.87 37.56 36.98 
4 38.56 36.55 36.26 
Mean 38.92 34.46 33.78 
38.71 38.28 37 .56 36 .55 35.11 
36.55 35.54 34 .82 33 .38 32.09 
38.56 37.84 37 .27 36 .41 35.54 
37 .27 36.55 35 .69 33 .96 33.38 
37.77 37.05 36 .34 35 .08 34.03 
31.94 31.66 30 .65 29 .36 27.77 
35.69 34.97 34 .68 33 .67 31.95 
36.84 36.12 35 .40 34 .25 32.66 
33.67 33.10 32 .52 31 .23 30.22 
34.54 33.96 33 .31 32 .13 30.65 
35.69 35 .11 34 .82 33.82 33.10 
35.11 34 .54 33 .82 33.24 32.38 
33.24 32 .95 32 .09 31.08 30.51 
34.68 34 .20 33 .58 32.71 32.00 
33.96 33 .67 33 .38 32.81 31.80 
34.68 34 .25 33 .67 33.24 32.23 
35.40 34 .97 34 .54 34.10 33.38 
36.55 35 .98 35 .69 34.97 34.54 
35.15 34 .72 34 .32 33.78 32.99 
32.23 31 .94 31 .66 31.23 30.22 
28.06 27 .48 26 .76 25.90 24 .89 
36.41 36 .12 35 .54 34.68 34.25 
36.12 35 .69 35 .54 34.97 33.38 
33.20 32 .81 32 .38 31.70 30.68 
Table 8. (Continued) 
Soil Water content (percent by volume) 
Suction (centimeters of mercury) 
(inches) Plot 0 5 10 15 20 25 50 76 
33-39 1 33.96 30.22 29.36 28.49 26.19 27.63 26.48 25.90 
2 38.85 33.38 32.23 31.37 30.65 30.36 28.92 27.77 
3 38.13 33.96 33.10 32.52 31.95 31.66 30.79 30.36 
4 33.10 28.49 25.76 25.33 24 .46 23.89 22.74 22.16 
Mean 36.01 31.51 30.11 29.43 28.44 28.39 27.23 26.55 
39-45 1 35.98 31.37 29.93 28.92 28.35 27.77 26.48 25.76 
2 40.29 34.10 32.81 31.95 51.23 30.94 29.36 28.49 
3 40.00 34.54 33.53 32.95 32,23 31.95 30.79 30.22 
4 36.98 28.92 26.19 25.04 24. » 4.6 24.03 22.88 22.16 
Mean 38.31 32.23 30.62 29.72 29.07 28.67 27.38 26.65 
45-51 1 41.59 37.84 37.27 36.41 36.26 35.98 34.29 33.11 
2 39.28 34.68 33.24 32.23 31.51 30.94 29.50 28.34 
3 36.84 31.37 29.64 28.49 27.63 27.20 24.75 22.74 
4 37.41 27.63 24.75 24.32 23.74 23.03 21.87 21.30 
Mean 38.78 32.88 31.22 30.36 29.78 29.29 27.60 26.37 
51-57 1 41.44 39.28 38.71 38.13 37.56 37.12 35.83 34.97 
2 40.15 37.27 36.55 35.69 35.26 34.97 33.68 32,81 
3 42.02 37.41 36.25 35.69 35.26 34.82 33.10 31.5% 
4 38.57 30.08 25.47 23.89 23.17 22.31 21.15 19.57 
Mean 40.55 36.01 34,25 33.35 32.81 32.30 30.94 29.72 
57-63 1 42.16 40.44 39.72 39.00 38.85 38.55 37.27 36.12 
2 37.27 36.12 35.69 35.11 34.82 34.53 33.49 32.37 
3 37.27 29.79 28.06 27.20 26.48 26.05 24.60 22.74 
4 38.71 29.50 25.76 23.74 23.17 22.31 21.01 20.15 
Mean 38.85 33.96 32.31 31.26 30.83 30.36 29.09 27.84 
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Table 9. Particle size distribution, fifteen atmosphere 
percentage and bulk density determinations on 
Ida silt loam at different depths 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay* % silt % sand percentage gm./cc. 
0-3 1 24.0 60.2 15.8 13.32 — — 
2 23.1 61.3 15.6 10.16 — —  
3 22.5 61.5 16.0 11.95 — —  
4 21.9 61.5 16.6 11.50 
Mean 22.9 61.1 16-0 11.76 
3-6 1 24.4 59.4 16.2 10.86 1.36 
2 22.2 62.7 15.1 9.64 1.30 
3 22-8 61.4 15.8 9.59 1.30 
4 21.6 61.7 16.7 9.74 1.29 
Mean 22.8 61.3 16.0 9.96 1.31 
6-9 1 22.6 62-2 15.2 9.57 1.36 
2 21.7 62.7 15 - 6 8.48 1.30 
3 22.1 62.8 15.1 8.27 1.30 
4 20.4 63.5 16.1 8.42 1.29 
Mean 21.7 62.8 15.5 8.68 1.31 
9-12 1 21.3 62.4 16.3 8.22 1.20 
2 19.5 64.8 15.7 7.90 1.21 
3 21.3 64.1 14.6 7.93 1.25 
4 20.1 64.8 15.1 7.74 1.25 
Mean 20 ,„6.„ 64.0 15.4, 7.95 1.22 
12-15 1 20.1 64.6 15.3 8-64 1.20 
2 20.3 63.9 15.8 7.88 1.21 
3 21.8 63.2 15,0 7.97 1.25 
4 19.8 63.6 16.6 7.73 1.25 
Mean 20.5 63.8 15.7 8.06 1.22 
15-18 1 19.6 65.2 15.2 7.72 1.19 
2 19.4 65.1 15.5 7.80 1.21 
3 20.4 66.0 13.6 7.80 1.27 
4 18.6 64.9 16.5 7.80 1.23 
Mean 19.5 65.3 15.2 7.78 1.23 
18-21 1 19 :3 66.0 14.7 8-12 1.19 
2 19.4 65.0 15.6 7.89 1.21 
3 20.5 65.0 14.5 7.51 1.27 
4 19.1 65.0 15.9 7.87 1.23 
Mean 19.6 - 65.2 15.2 7.85 1.23 
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Table 9- (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
21-24 1 19.8 64.1 16.1 7.66 1.24 
2 19.0 66.4 14.6 7.65 1.23 
3 19.3 64.7 16.0 7.68 1.24 
4 18.9 65.4 15.7 7.72 1.24 
Mean 19 .2 65.2 15.6 7.68 1.24 
24-27 1 20.6 65.0 14.4 8.67 1.24 
2 19.8 64.2 16.0 7.65 1.23 
3 20.3 64.8 14.9 7.42 1.24 
4 20.8 63.5 15.7 8.00 1.24 
Mean 20.4 64.4 15.2 7.94 1.24 
27-30 1 24.0 60.7 15.3 9.62 1.25 
2 23.1 62.5 14.4 9.29 1.25 
3 21.4 63.9 14.7 8.37 1.18 
4 21.7 62.7 15.6 8.62 1.22 
Mean 22.6 62.4 15.0 8.98 1.23 
30-33 1 22.3 62.4 15.3 9.91 1.25 
' 2 22.9 62.5 14.6 9.90 1.25 
3 24.3 61.2 14.5 9.43 1.18 
4 24.7 60.6 14.7 10.34 1.22 
Mean 23.6 61.7 14.8 9.90 1.23 
33-36 1 24.0 60.8 15.2 10.09 1.26 
2 22.3 62.2 15.4 9.68 1.26 
3 24.4 60,5 15.1 10.13 1.27 
4 24.3 60.9 14.8 10.00 1.28 
Mean 23.8 61.1 15.1 9.98 1.27 
36-39 1 21.3 63.7 15.0 9.19 1.26 
2 18.0 66.0 15.0 8.28 1.26 
3 20.8 64.6 14.6 8.97 1.27 
4 21.5 62.2 16.3 8.58 1.28 
Mean 20.4 64.1 15.2 8.76 1.27 
39-42 1 19.1 65.1 15.8 7.84 1.30 
2 17.2 67.3 15.5 7.30 1.31 
3 18.9 65.8 15.3 7.95 1.32 
4 18.2 66.8 15.0 7.74 1.30 
Mean 18.4 66.2 15.4 7.71 1.31 
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Table S. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere densi 
. inches) Plot % clay # Gilt % sand percentage gm./ci 
42-45 1 19.4 65.1 15.5 8.49 1.30 
2 18.3 66.2 15.5 7.45 1.31 
3 18.6 66.0 15.4 8.17 1.32 
4 17.8 65.1 17.1 7.39 1.30 
Mean 18.5 65.6 15.9 7.88 1.31 
45-48 1 18.9 65.5 15.6 8.04 1.25 
2 17.5 66.5 16.0 7.95 1.25 
3 18.3 65.7 16.0 8.02 1.26 
4 17.4 66.1 16.5 7.73 1.24 
Mean 18.0 66.0 16.0 7.94 1.25 
48-51 1 18.7 66.0 15.3 8.69 1.25 
2 18.5 65.4 16.1 7.96 1.25 
3 17.2 66.7 16.1 8.12 1.26 
4 18.0 64.9 17.1 8.09 1.24 
Mean 18.1 65.8 16.2 8.22 1.25 
51-54 1 19.4 65.2 15.4 8.65 1.24 
2 19.2 63.9 16.9 8.59 1.27 
3 16.5 66.7 16.8 7.81 1.26 
4 21.0 62.1 16.9 9.08 1.26 
Mean 19.0 64.5 16.5 8.53 1.26 
54-57 1 16.1 68.8 15.1 8.58 1.24 
2 19.7 64.4 15.9 8.25 1.27 
3 18.7 64.7 16.6 8.76 1.26 
4 18.4 66.1 15.5 8.03 1.26 
Mean 18.2 66.0 15.8 8.40 1.26 
57-60 1 19.9 64.6 15.5 8.44 1.30 
2 17.7 65.1 17.2 7.47 1.32 
3 17.8 65.8 16.4 8.28 1.24 
4 19.2 65.8 15.0 8.43 1.20 
Mean 18.6 65.3 16.0 8.16 1.26 
60—63 1 19.8 63.6 16.6 9.39 1.30 
2 17.9 65.4 16.7 8-00 1.32 
3 18.8 64.3 16.9 8.51 1.24 
4 20.3 64.5 15.7 9.01 1.20 
Mean 19.2 64.4 16.5 8.73 1.26 
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Table 9. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
63-66 1 20.2 64.2 15.6 8.91 — — 
2 19.0 64.9 16.1 8.52 • 
3 19.5 63.9 16.6 8.75 —  —  
4 19.8 63.7 16.5 8.70 — —  
Mean 19.6 64.2 16.2 8.72 
66-69 1 19.3 64.8 15.9 9.23 
2 19.8 65.3 14.9 8.46 — —  
3 18.9 64.5 16.6 8.52 
4 19.9 64:0 16.1 8.74 
Mean 19.5 64.6 15.9 8.74 — 
69-72 1 16.9 66.1 17.0 7.96 
2 19.5 64.6 15.9 • 8.63 —e 
3 18.2 66.0 15.8 8.13 M II• 
4 18.5 65.4 16.1 8.06 
Mean 18.3 65.5 16.2 8.20 — —  
72-75 1 19.1 64.8 16.1 9.48 
2 18.5 66 .;1 15.4 8.21 
3 17.0 67.0 16.0 8.16 
4 19.2 64.3 16.5 8.33 1 1 1 1 
Mean 18.4 65.6 16.0 8.54 
75-78 1 17c? 65.5 16.8 8.10 
2 18.2 67.0 14.8 8.34 
3 17.3 67.1 15.6 8.10 — 
4 18.4 66.2 15.4 8.21 • - — 
Mean 17.9 66.4 15.6 8.19 
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Table 10. Particle size distribution, fifteen atmosphere 
percentage and bulk density determinations on 
Monona silt loam at different depths 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
0—3 1 27.5 56.2 16.3 12.23 — —  
2 27.6 56.1 16.3 13.24 — —  
3 27.9 56.3 15.8 13.54 — —  
4 27.3 58.2 14.5 14.01 — —  
Mean 27.6 56.7 15.7 13.26 
3-6 1 27.4 56.5 16.1 13.03 1.27 
2 28.7 55.1 16.2 12.63 1.37 
3 28.6 54.8 16.6 15.22 1.37 
4 28.0 57.8 14.2 14.03 1.27 
Mean 28.2 56.0 15.8 13.73 1.32 
6-9 1 29.2 54.7 16.1 13.64 1.27 
2 30.1 54.6 15-3 13.74 1.37 
3 29.4 56.6 14.0 15.89 1.37 
4 29.6 55.8 14.6 14.78 1.27 
Mean 29.6 55.4 15.0 14.51 1.32 
9-12 1 30.1 55.0 14.9 13.84 1.27 
2 29.3 55.7 15.0 14.57 1.20 
3 29.3 56.3 14.4 14.12 1.24 
4 29.8 56.2 14 .0 14.41. 1.16 
Mean 29.6 55.8 14.6 14.24 1.22 
12-15 1 29.8 55.5 14.7 13.50 1.27 
2 30.6 54.9 14.5 14.25 1.20 
3 29.5 55.6 14.9 13.51 1.24 
4 30 .4 55.2 14.4 14.22 1.16 
Mean 30.1 55.3 14.6 13.87 1.22 
15-18 1 29.8 55.9 14.3 12.62 1.17 
2 30.4 55.4 14.2 14.81 1.20 
3 27.6 57.8 14.6 12.38 1.17 
4 28.5 57.9 .13.6 13.77 1.14 
Mean 29.1 56.8 14.2 13.40 . 1.17 
18-21 1 29.8 55.8 14.4 14.22 1.1-7 
2 30.1 55.7 14.2 14.09 1.20 
3 25.8 59.1 15.1 11.66 1.17 
4 28.2 58.1 13.7 11.80 1.14 
Mean 28.5 57.2 14.4 12.94 1.17 
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Table 10. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
21-24 1 29.4 56.2 14.4 13.43 1.19 
2 27.3 58.9 13.8 13.40 1.16 
3 24.9 60.4 14.7 10.97 1.14 
4 27.1 58,1 14.8 11-10 1.12 
Mean 27.2 58.4 14.4 12.22 1.15 
24-27 1 29.2 56.8 14.0 13.27 1.19 
2 27.1 58.6 14.3 11.93 1.16 
3 24.0 60.4 15.6 10.58 1.14 
4 24.2 61.5 14.3 9.70 1.12 
Mean 26.1 59.3 14.6 11.37 1.15 
27-30 1 27.5 56.9 15.6 11.83 1.17 
2 26.3 59.2 14.5 10.85 1.17 
3 23.1 60.6 16.3 9.89 1.20 
4 22.9 62.2 14.9 9.45 1.15 
Mean 25.0 59.7 15.3 10.50 1.17 
30-33 1 26.9 57.8 15.3 11.65 1.17 
2 24.1 61.6 14.3 9.53 1.17 
3 22.1 62.8 15.1 9.21 1.20 
4 23.7 61.4 14.9 9.25 1.15 
Mean 24.2 60.9 14.9 9.91 1.17 
33-36 1 26.8 56.8 16.4 10.90 1.19 
2 20.9 63.8 15.3 8.85 1.14 
3 21.2 63.4 15.4 9.08 1.16 
4 23.0 62.5 14.5 9.22 1.15 
Mean 23.0 61.6 15.4 9.51 1.16 
36-39 1 23.4 61.8 14.8 9.94 1.19 
2 19.9 65.4 14.7 8.76 1.14 
3 21.3 63.9 14.8 9.20 1.16 
4 22.6 62.9 14.5 8.72 1.15 
Mean 21.8 63.5 14.7 9.16 1.16 
39-42 1 22.9 61.8 15.3 9.47 1.15 
2 21.5 63.1 15.4 9.20 1.13 
3 21.8 62.5 15.7 9.26 1.15 
4 21.9 63.0 15.1 8.37 1.24 
Mean 22.0 62.6 15.4 9.08 1.17 
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Table 10. ( Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
42-45 1 22-5 63.3 14.2 9.55 1.15 
2 19.8 64.5 15.7 8.54 1.13 
3 20.9 61.8 17.3 8.99 1.15 
4 21-1 63.5 15.4- 8.16 1.24 
Mean 21.1 63.3 15.6 8.81 1.17 
45-48 1 20.6 65.0 14.4 8.73 1.14 
2 21.4 64.4 14.7 7.99 1.25 
3 19.3 63.9 16.8 7.94 1.20 
4. 20.5 65.0 14.5 7.99 1.91 
Mean 20.4 64.6 15.1 8.16 1.20 
48-51 1 21.3 62-1 16.6 9.01 1.14 
2 19.3 64.4 16.3 8.04 1.25 
3 19.3 63.9 16.8 8.17 1.20 
4 20.3 66.4 13.3 7.70 1.21 
Mean 20.0 64.2 15.8 8.23 1.20 
51-54 1 20.0 64.1 15.9 8.54 1.24 
2 17.6 67.5 14.9 7.78 1.17 
3 20.1 64.6 15.3 8.20 1.23 
4 20.7 65.4 13.9 7.90 1.32 
Mean 19.6 65.4 15.0 8 • IG 1.24 
54-57 1 19.7 64.1 16.2 8-10 1 » 24 
2 18.8 66.3 14.9 8.13 1.17 
5 16.3 70.2 13.5 7.61 1.23 
4 20.4 66,0 13.6 7.77 1.32 
Mean 18.8 66.6 14.6 7.90 1.24 
57-60 1 18.9 65.3 15.8 8.30 1.24 
2 18.0 67.9 14.1 7.96 1.21 
3 18.4 66.8 14.8 8.30 1.29 
4 23.4 64.3 12.3 8.78 1.16 
Mean 19.7 66.1 14.2 8.34 1.22 
60-63 1 18.8 65.4 15. S 8.16 1.24 
2 17.9 68.0 14.1 7.95 1.21 
3 17.7 67.2 15.1 8.03 1.29 
4 25.0 62.8 12.2 10.21 1.16 
Mean 19.8 65.8 14.3 8.59 1.22 
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Table 10. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
63-66 1 17.1 67.9 15.0 7.55 
2 18.0 67.7 14.3 8.31 ••• •» 
3 21.0 64.2 14.8 9.58 — —  
4 24.3 62-8 12.9 10.52 — —  
Mean 20.1 65.6 14.2 8.99 — —  
66-69 1 16.9 67.9 15.2 7.59 
2 18.7 67.2 14.1 8.18 
3 23.2 62.9 13.9 10.92 
4 21.2 61.5 17.3 9.18 — — 
Mean 20.0 64.9 15.1 8.97 — 
69-72 1 17.3 67.6 15.1 7.47 
2 22.7 63.9 13.4 10.66 —  
3 23.4 61.7 14.9 10.75 
4 19.0 67.2 13.8 7.96 — —  
Mean 20.6 65.1 14.3 9.21 — 
72-75 1 18.8 66.6 114. 6 8.17 
2 24.9 60.6 14.5 11.22 ••• •• 
3 20.9 63.0 16.1 9.79 
4 19.9 65.1 15.0 8.15 
Mean 21.1 63.8 15.0 9 .33 —— 
75-78 1 19.2 66.2 14.6 9.07 
2 22.3 64.6 13.1 10.08 — —  
3 16.6 68.1 15.3 8.20 — —  
4 20.2 66.2 13.8 8.90 
Mean 19.6 66.3 14.2 9.06 
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Table 11. Particle size distribution, fifteen atmosphere 
percentage and bulk density determinations on 
Floyd clay loam at different depths 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
0-3 1 51.0 41.7 
2 30.6 43.0 
3 31.0 43.0 
4 30.7 42.9 
Mean 30.8 42.6 
3—6 1 31.5 43.1 
2 32.1 43.0 
3 32.0 42.7 
4 31.9 42.8 
Mean 31.9 42.9 
6-9 1 34.0 44.2 
2 34.3 42.8 
3 33.2 42.7 
4 33.8 39.6 
Mean 33.8 42.3 
9-12 1 35.3 45-1 
2 33.8 44.6 
3 33.4 42.1 
4 34.3 40.3 
Mean 34.2 43.0 
12-15 1 34.9 43.5 
2 34.4 38.2 
3 33.6 40.7 
4 33.5 41.4 
Mean 34.1 41.0 
15-18 1 36.5 41.4 
2 32.3 31.1 
3 33.8 33.2 
4 33.9 38.8 
Mean 34.1 36.1 
18-21 1 34.5 31.7 
2 31.9 21.4 
3 31.1 25.8 
4 30.0 30.4 
Mean 31.9 27.3 
27.3 
26.4 
26.0 
26.4 
26.5 
11.75 
12.01 
13.16 
14.88 
12.95 
— 
25.4 
24.9 
25.3 
25.3 
25.2 
12.28 
12 .49 
12-26 
13.88 
13.2.3 
1.18 
1.25 
1.23 
1.50 
1.29 
21.6 
22.9 
24.1 
26.6 
23.8 
12.54 
12.50 
31.87 
13.44 
13.09 
1.18 
1.25 
1.23 
1.50 
1.29 
19.6 
21.6 
24.5 
25.4 
22.8 
12.65 
12.31 
12.96 
13.11 
12.76 
1.28 
1.32 
1.38 
1.33 
1.33 
21.6 
27.4 
25.7 
25.1 " 
25.0 
12.94 
12.19 
12-70 
13.28 
12.78 
1-28 
1.32 
1.38 
1.33 
1.33 
22.1 
36.6 
33.0 
27.3 
29.8 
13.28 
11.08 
11.73 
13.03 
12.28 
1.39 
1.39 
1.48 
1.60 
1.46 
33.8 
46.7 
43.1 
39.6 
40.8 
11.65 
9.73 
10.01 
10.94 
10.58 
1.39 
1.39 
1.48 
1.60 
1.46 
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Table 11. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
21-24 1 31.1 22.4 46.5 9.63 1.65 
2 14.5 5.3 80.2 4.66 1.57 
3 32.3 22.7 45.0 9.58 1.73 
4 20.6 14.2 65.2 6.65 1.70 
Mean 24.6 16.2 59.2 7.63 1.66 
24-27 1 31.0 22.3 46.7 9.63 1.65 
2 11.1 4.1 84.8 3.29 1.57 
3 32.6 21.8 45.6 9.61 1.73 
4 12.1 3.1 84.8 3.44 1.70 
Mean 21.7 12.8 65.5 6.49 1.66 
27-30 1 31.1 20.7 48.2 9.65 1.81 
2 7.3 4.2 88.5 2.95 1.81 
3 32.2 21.4 46.4 9.85 1.77 
4 10.8 5.2 84.0 3.14 1.80 
Mean 20.4 12.9 66.8 6.40 1.80 
30—33 1 31.7 21.2 47.1 9.82 1.81 
2 7.8 2.8 89.4 2.57 1.81 
3 31.9 21.7 46.5 10.37 1.77 
4 13.4 3.0 83.6 3.44 1.80 
Mean 21.2 12.2 66.6 6.55 1.80 
33-36 1 32.6 21.0 46.4 10.14 1.81 
2 10.0 2.5 87.6 3.58 1.87 
3 32.7 21.0 46.3 9.80 1.88 
4 7.5 4.6 88.0 2.77 1.84 
Mean 20.7 12.3 67.1 6.57 1.85 
36-39 1 32.0 19.1 48.9 10.15 1.81 
2 17.7 7.0 75.3 4.80 1.87 
3 24.4 21.0 54.6 8.43 1.88 
4 9.0 1.7 89.3 3.15 1.84 
Mean 20.8 12.2 67.0 6.63 1.85 
39-42 1 31.7 21.0 47.3 9.82 1.87 
2 30.8 25.6 43.6 8.86 1.87 
3 32.0 19.7 48.3 9.91 1.86 
4 15.4 3.4 81.2 4.25 1.83 
Mean 27.5 17.4 55.1 8.21 1.86 
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Table 11. (Continued) 
Soil 
depth 
(inches) Plot 
Particle 
% clay 
size distribution 
% silt % sand 
Fifteen 
atmosphere 
percentage 
Bulk 
density 
gm./cc. 
42-45 1 30.3 22.1 47.6 9.31 1.87 
2 30.9 25.1 44.0 9.06 1.87 
3 32.2 20.4 47.4 10.41 1.86 
4 27.1 14.7 58.2 7.79 1.83 
Mean 30.1 20.6 49.3 9.14 1.86 
45-48 1 31.2 21.5 47.3 9.75 1.81 
2 29.1 - 22.9 48.0 8.83 1.77 
3 31.8 20.9 47.3 10.26 1.78 
4 30.0 18.3 51.7 9.02 1.79 
Mean 30. 5 20.9 48.6 9.46 1.79 
48-51 1 30.1 22.8 47.1 8.87 1.81 
2 29.9 21.9 48.2 8.92 1.77 
3 31.3 22.1 46.6 10.01 1.78 
4 28.4 18.4 53.2 8.95 1.79 
Mean 29.9 21.3 48.8 9.19 1.79 
51-54 1 29.3 23.1 47.6 8.84 1.84 
2 30.8 22.4 46.8 9.32 1.92 
3 31.0 23.3 45.7 9.42 1.80 
4 31.5 18.7 49.8 9.49 1.86 
Mean 30.6 21.9 47.5 9.27 1.86 
54-5? 1 30.3 23.5 46.2 8.63 1.84 
2 30.6 21.5 47.9 9.65 1.92 
3 27.3 25.4 47.3 9.09 1.80 
4 30.9 20.5 48.6 9.64 1.86 
Mean 29.8 22.7 47.5 9.25 1.86 
57-60 1 29.6 24.7 45.7 9.39 1.89 
2 30.7 21.9 47.4 9.43 1.92 
3 29.9 23.2 46.9 8.91 1.93 
4 30.1 21.3 48.6 9.19 1.90 
Mean 30.1 22.8 47.2 9.23 1.91 
60—63 1 30.1 24.4 45.5 9 .44 1.89 
2 30.7 21.5 47.8 9.07 1.92 
3 30.5 24.5 45.0 9.91 1.93 
4 30.8 20-7 48.5 9.34 1.90 
Mean 30.5 22.8 46.7 9.44 1.91 
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Table 11. (Continued) 
Soil 
depth 
(inches) Plot 
Particle 
/% clay 
size distribution 
% silt % sand 
Fifteen 
atmosphere 
percentage 
. Bulk 
density 
gm./cc. 
63-66 1 29.3 23.8 46.9 8.74 __ 
2 31.2 21-2 47.6 9.86 — 
3 30 .0 23.9 46.1 9.83 — 
4 29.6 20.2 50.2 8.72 — —  
Mean 30.0 22.3 47.7 9.29 — —  
66-69 1 28.7 23.5 47.8 8.99 
2 30.6 22.2 46.7 9.15 — —  
3 30.5 23.6 45.9 9.76 — —  
4 30.5 20.0 49.5 9.53 —  —  
Mean 30.1 22.3 47.5 9.36 
69-72 1 29.6 23.5 46.9 9.30 
2 29.3 24.4 46.3 9.27 
3 29.8 23.4 46.8 9.48 — —  
4 31.1 20-1 48.8 9.70 — — 
Mean 30.0 22.8 47.2 9.44 
72-75 1 29.4 24.5 46.1 9.37 
2 29.8 22.5 47.7 9.09 — —  
3 30.1 23.9 46.0 9.53 — —  
4 • 30.5 21.8 47.7 9.97 — —  
Mean 30.0 23.2 46.9 9.49 
75-78 1 30.5 23.2 46.3 9.43 
2 28.2 22.4 49 .4 8.69 — 
3 29.1 23.9 47.0 8.82 
4 30.4 21.6 48.0 S .37 — —  
Mean 29.6 22.8 47.7 9,08 
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Table 12. Particle size distribution, fifteen atmosphere 
percentage and bulk density determinations on 
Webster clay loam at different depths 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
0-3 1 33.4 34.6 32.5 15.08 — —  
2 33.6 35. 5 30.9 15.58 1 -
3 31.5 33.8 34.7 14.47 
4 32.5 34.7 32.8 14.20 . • * — 
Mean 32.8 34.6 32.7 14.83 
3-6 1 33.6 34.3 32.1 17.10 1.25 
2 33.5 35.9 30.6 18.21 1.11 
3 32.8 34.5 32.7 15.43 1.23 
4 33.2 34.1 32.7 15.38 1.22 
Mean 33.3 34.7 32.0 16 . 53 1.20 
6-9 1 33.6 34.4 32.0 16.34 1.25 
2 35.2 33.8 31.0 15.06 1.11 
a 33.9 34.0 32-1 15.37 1.23 
4 34.0 33.6 32.4 15.97 1.22 
Mean 34.2 34.0 31.9 15.68 1.20 
9-12 1 36.1 33.6 30.3 17.18 1.27 
2 35. 2 34.4 30.4 15.19 1.32 
3 33.5 33.7 32.8 16.64 1.22 
4 34.1 33.0 32.9 15.86 1.32 
Mean 34.7 33.7 31.6 16.22 1.28 
12-15 1 36.0 33.7 30.3 16.18 1.27 
2 34.7 33.9 31 <4 15.81 1.32 
3 35.2 33.7 31.1 15.63 1.22 
4 34.8 31.4 33.8 14.64 1.32 
Mean 35.2 33.2 31.6 15.56 1.28 
15-18 1 37.1 32.9 30.0 16.54 
2 36.2 32.2 31.6 15.75 1.47 
3 35.4 32.8 31.8 15.33 1.35 
4 35.2 31.0 33.8 14.40 1.39 
Mean 36.0 32.2 31.8 15.50 1.40 
18-21 1 39.0 31.5 29.5 15.89 
2 37.4 32.8 29.8 14.97 1.47 
3 36.4 32.4 31.2 15.33 1.35 
4 35.2 30.2 34.6 14.22 1.39 
Mean 37.0 31.7 31.3 15.10 1.40 
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Table 12. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(inches) Plot % clay % silt % sand percentage gm./cc. 
21-24 1 39.8 31.2 29.0 17.59 1.47 
2 38.8 33.1 28.1 15.91 1.49 
3 37.6 32.0 30.4 15.20 1.45 
4 35.7 29.7 34.6 14.29 1.42 
Mean 38.0 31.5 30.5 15.75 1.46 
24-27 1 39.6 29.7 30. 7 16.98 1.47 
2 41.8 33.4 24.8 16.98 1.49 
3 37.4 30.8 31.8 14.83 1.45 
4 35.3 28.5 36.2 14.25 1.42 
Mean 38.5 30.6 30.9 15.76 1.46 
27-30 1 35.7 24.0 40 . 3 14.60 1.55 
2 43.9 31.7 24.4 19.45 1.46 
3 37.3 31.3 31.4 14.94 1.49 
4 32.5 28.9 38.6 13.64 1.55 
Mean 37.4 29.0 33.7 15.66 1.51 
30-33 1 27.2 12.3 60.5 11.41 1.55 
2 39.5 33.2 27.3 19.22 1.46 
3 ; 32.7 30.9 36.4 12.89 1.49 
4 31.6 21.2 47.2 12.22 1.55 
Mean 32.8 24.4 42.8 13.94 1.51 
33-36 1 23.0 7.2 69.8 9.84 
2 32.9 21.7 45.4 12.57 — — 
3 24.7 24.6 50. 7 9.64 
4 34.7 22.0 43.3 12.61 — — 
Mean 28.8 18.9 52.3 11.16 — —  
36-39 1 20.7 7.4 71.9 9.73 
2 24.1. 11.0 64.9 9.04 — • • 
3 27.4 24.7 47.9 10.75 
4 33.9 21.3 44.8 12.90 — — 
Mean 26.5 16.1 57.4 10.60 
39-42 1 17.9 7.6 74. 5 8.70 
2 17.1 6.3 76.6 6.62 — — 
3 30.7 21.7 47.5 12.47 • î" 
4 33.0 20.7 46.3 12.73 — — 
Mean 24.7 14-1 61.2 10.13 — — 
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Table 12. (Continued) 
Soil Fifteen Bulk 
depth Particle size distribution atmosphere density 
(Inches) Plot % clay % Bilt % sand percentage gm./cc. 
42-45 1 19.5 8,7 71.8 9-17 
2 22.2 7,6 70.7 10.47 — —  
3 31.3 20 .7 48.0 13-33 
4 29.0 17.6 53.4 11.44 
Mean 25.5 13.6 61.0 11.10 —— 
45-48 1 19.0 10.5 70.5 10.35 
2 25.4 11.4 63.2 13.22 
3 31.2 21.7 47.1 13.45 — 
4 29.3 19.1 51.6 11.94 — —  
Mean 26.2 15.7 58.1 12.24 — 
48-51 1 18.1 13.3 68.6 9.81 
2 15.0 7.6 77.4 6.86 — —  
3 21.6 23.4 55.0 9.81 —* 
4 28.1 21.4 50.5 11.69 
Mean 20.7 16.4 62.9 9.54 — 
51-54 1 21.8 12.3 65.9 10. 55 
2 16.8 7.4 75.8 8.45 
3 18.3 18.1 63.6 8.31 "" 
4 31.0 20.4 48.6 12.22 — —  
Mean 22.0 14.6 63.5 9.88 
54-57 1 19.9 10.6 69.5 7.81 
2 16.7 9.5 73.8 8.52 •• — 
3 15.9 15.0 69.1 7.42 — —  
4 32.5 21.8 45.7 13.44 — —  
Mean 21.2 14.2 64.5 9.30 —-
57-60 1 16.7 9.9 73.4 7.29 
2 16.3 11.8 71.9 7.81 — — 
3 14.7 14.7 70.6 6.87 
4 30.5 23.5 46.0 12.82 
Mean 19.6 15.0 65.5 8.70 — 
60-63 1 14.6 9.5 75.9 5.92 
2 18.2 18.2 63.6 8.03 
3 16.6 21.1 62.3 7.45 — — 
4 30.8 24.2 45.0 12.19 •w at 
Mean 20.0 18.2 61.7 8.40 
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Table 12. (Continued) 
Soil 
depth 
(inches) Plot 
Particle 
/% clay 
size distribution 
% silt % sand 
Fifteen 
atmosphere 
percentage 
Bulk 
density 
gm./cc. 
63—66 1 14.8 11.5 73.7 6.62 
2 21.1 19.9 59.5 9.39 —  —  
3 19.5 24.6 55.9 8.02 
4 29.9 25.0 45.l 11.53 — —  
Mean 21.3 20.2 58.6 8.89 — — 
66-69 1 
o 
21.1 23.4 55.5 8.26 _ _  
c, 
3 23.4 26.2 50.4 9.40 
4 29.9 25.9 44.2 11.50 — —  
Mean 24.8 25.2 50.0 9.72 
69-72 1 24.3 32.7 43.0 9.38 
2 10.3 9.2 80.5 4.43 
3 24.1 28.5 47.4 11.81 — —  
4 14.7 33.6 51.7 4.29 — —  
Mean 18.4 26-0 55.6 7.48 
72-75 1 
o 
28.5 37. 5 34.0 10.53 
3 23.9 30.0 46.1 9.77 
4 13.9 39.8 46.3 4.00 — —» 
Mean 22.1 35.8 31.6 8.10 
75-78 1 30.4 39.5 30.1 11.08 
2 18.2 21-2 60.6 7.55 — —  
3 24.3 27.4 48.3 9.94 —  —  
4 13.0 36-7 50.3 3.47 
Mean 21.5 34.5 47.3 8.01 — — 
